A Reproduced Copy 

OF 


1 N7 1-13434 


Reproduced for NASA 
by the 

NASA Scientific and Technical Information Facility 


RE PRODUCE D~BY~ 

NATIONAL TECHNICAL 
INFORMATION SERVICE 

U. S. DEPARTMENT OF COMMERCE 
SPRINGFIELD, VA. 22161 



FFNo 672 Aug 65 





J 




iUAEE 


Pauline Beery Mack, Ph.D., Principal Investigator 

Ralph E. Pyke, Ph.O., Chemist 

Walter W. Gilchrist, M.S., Physiologist 

Betty B. Alford, Ph.D., Biochemist 

Alice N. Milner, Ph.D., Biochemist 

Fred B. Vogt, M. D., Medical Director 

Bill J. Stover, X~Ray Technolog ist 

La r re 11 Rike, X~Ray Technologist 

Jessie Ashby, Statistician 

Reba L. Fry, Statistician 

Lenoir N. O'Rear, Assistant Statistician 

Eloise Jackson, Secretary 

Martin L, Cudd, Assistant Secretary 



BONE DENSITY STUDIES OF BED REST SUBJECTS 
AT THE PUBLIC HEALTH SERVICE HOSPITAL ' 
m SAW FRANCISCO , BY THE TEXAS WOMAN'S 
UNIVERSITY RADIOGRAPHIC METHOD 

Under the Sponsorship of the National 
Aeronautics and Space Administration 

q. 

Contract No. NAS 9427 

The Director of the Texas Woman's University Research Institute 
and an Assistant travelled to San Francisco once a month for the purpose 
of measuring changes in bone density in subjects who were participating 
in a bed rest -phosphate study at the U. S. Public Health Hospital in that 
city. The radiographic bone density method developed by staff members 
of the Texas Woman's University Research Institute was used in this study. 
Bill J. Stover, X-Ray Technologist, and Walter W. Gilchrist, Research 
Associate, alternated in accompanying the Director of the T.W.U. Research 
Institute for the purpose of taking the x-rays during each trip. 

The first trip on this contract was made on January 31 , 1969, with 
x-rays taken on the early morning of February 1 , using a selected x-ray 
machine at the Hospital, together with special x-ray films which they took 
with them from T.W.U. The left foot in lateral aspect and the left hand in 
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anterior-posterior position were x-rayed in the same positions and with the 
same exposure energy (167 milliroentgens) as in the case of the astronauts. 

The subjects x-rayed on this first trip included the following: 

1. Randall Robinson; 

t 

2. Alfred Diaz; 

3. Fred Bratcher; 

4. Fred Kolb; and 

5. George McNiel. 

The left hand of George McNiel had been amputated, and hence his 
right hand was. used for his series of x-rays . 

When we returned to our own laboratories , analyses of the films 
began. The analysis of each set of films for one subject included the fol- 
lowing: 


(a) . Two preliminary scans on the foot, one of the central 

section of the os calcis and one of the central section 
of the talus . See Appendix of this Report if you are not 
familiar with the T.W.U. method of taking and develop- 
ing x-rays . 

(b) . Multiple sections of the os calcis , consisting of scans 

1 millimeter apart , covering approximately 60 per cent 
of the os calcis or large heel bone, where there is no 
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overlapping of other bones . Usually 41-44 scans are 
required to cover this area of the heel bone in a mature 
man, depending on the size of the foot. 

(c). The following sections of the hand and wrist are 
scanned-- 

(1) Hand phalanx 5/2 (about 17-19 
sections scanned); 

(2) Hand phalanx 4/2 (about 24-28 
sections are scanned); 

(3) One scan across the capitate , 
a wrist carpal; and 

(4) One scan each across the distal 
ends of the radius and of the 
ulna . 

Therefore, from 87 to 96 sections in the hand and foot are measured 
for bone density in an adult male, giving results for the various types of 
bone from lacy trabecular to dense cortical skeletal tissue. 

See Appendix for illustrations of the sections which are scanned on 
the radiographs of the hand and foot of this study . 

Second Trip on this Project 

During the second monthly trip on the U. S. Public Health Hospital 
project in San Francisco, we went to San Francisco on. March 27, 1969. 
Radiographs were taken on the early morning of- March 28th. An early hour 
(between 6:30 and 7:00 A.M.) was selected for taking this series of x-rays 
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so that the x-ray machine which we had selected for our precise work 
would not be tied up after the busy day at the hospital had begun . 

The same men were radiographed which had been included during 
the first test, including a new man named Bly who appeared for x-rays who 
did not continue past this date. Upon our return to the T.W.U. labora- 
tories , after each trip, work on the development and evaluation of the films 
is carried out. The x-ray films , which are a special type, could not be 
developed at the Hospital, which has an automatic development system 
which causes the emulsion on the films to be scratched. Moreover, the 
temperature of the processing solutions must be precisely standardized, 
as well as the timing. 

Third Trip on this Project 

The third trip for obtaining radiographs for this study occurred on 
May 6th to 9th, 1970, and the fourth was made on June 2nd and 3rd, 1970. 

A, 

The same men were radiographed as in the earlier reports . 

Using the central os calcis section as a preliminary method of find- 
ing changes in bone mass of the heel bone , since this represents a very 
sensitive part of the trabecular tissue in this part of the skeletal anatomy, 
changes were investigated in the five men who had taken part in the study 


to this point . 



first GROUP of sub trots 


Changes in Multiple Sections of the Os Ca lcis 
in Terms of Integrator Counts during the First 
Bed Rest Phase of the Project , with and 
without Exercise 

Tables I and II which follow give the data on multiple sections of 
the os calcis during bed rest without exercise for the two men who carried 
on through this phase of the project. . This part of the project was effectu- 
ated during the period from January 27 to April 21, 1970, with the x-rays 
taken on February 1 (A), March 28 (B), and again through May 7 (C) repre- 
senting this time-as nearly as possible. 

During the first 12 weeks of the study, two of the men, Robinson 
and Kolb, remained in bed with limited activity. The other three, Bratcher, 
Diaz, and McNeil, on the other hand, exercised while lying down, using 
an Exer- Genie. 

The radiographs made during this period were those taken on 2/1/69 
3/28/69, and 5/7/69. The radiographs made on 6/3/69 were those which 
followed the bed rest period by Robinson and Kolb, but which were made 
after these two men had begun a phas'e of the study during which phosphate 
was used as a daily dietary' supplement . This second part of the investiga- 
tion extended from April 21 through July 14. 
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The two men who did not have the exercise experience (Robinson 
and Kolb) showed slight losses in bone density of the central os calcis , 
-5.97 per cent for the first man and -4.94 per cent for the second, with 
slight gains in this anatomic site in the three men who underwent daily ex- 
ercise in bed (Bratcher, +2.33, Diaz, +2.10, and McNeil, +7.10 per cent) 
during the first 12 weeks of the first bed rest. See Tables III, IV, and V. 

Importance of Exercise during Recumbency 

.Any favorable change from exercise during recumbency may be un- 
derstood better from the following information. 

Trueta , Nuffield Professor Emeritus of Orthopedic Surgery at the 
University of Oxford, in his classical treatise on Studies of the Develop - 
ment and Decay of the Human Era me 1 has stated: "The ability of the osteo- 

blast (in the bone) to synthesize the required protein for its matrix depends 
on the availability of amino acids and other constituents needed for the 
synthesis . It has long been known that immobilization, bed rest, end lack 
of muscle activity are all factors contributing to osteoporosis , a condition 
of decreased skeletal mass associated with increased porosity. Why this 
is so has not yet been fully explained, but that the osteoblast -osteocyte 
syncytium appears to be adversely affected by lack of activity is unques- 
tionable . 11 
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observations concerning this study were given by Trueta 4 at the Conference 
on. Bone Biodynamics at the Ford Hospital, Detroit in 1964 . 

In this study, adult mongrel dogs were used. The effect of muscle 
contraction on the blood supply of the adjacent bone was investigated by 
determinations of the intra -osseous pressure in the tibia of the dog during 
varying conditions of muscle activity. 

They found that muscular contraction seems" to influence the blood 
flow in bone in two ways: (a) by the occlusion of the venous outflow, 
which leads to an increase in intramedullary pressure; and (b) by the rapid 
emptying of. the intra -osseous venous system following muscle relaxation, 
which causes the intra -osseous pressure to fall. 

Subsequent Trips on this Project 

Following the third trip by the T.W.U. team to San Francisco to 
take radiographs of men engaged in bed rest projects at the U. S. Public 
Health Service Hospital, nine additional trips were made. The dates on 
which all 12 sets of x-rays were exposed were the following: 2/1/69; 
3/28/69; 5/7/69; 6/3/69; 7/14/69; 8/8/6 S; 9/15/69; 10/14/69; 
11/26/69; 12/17/69; 2/9/70; and 3/18/70. Two groups of men partici- 
pated in the study through the year 69 - 70, with the following phases of 
the study covered: two 12-week bed rests , one six-week bed rest, an 
initial ambulatory period for three men, and a final ambulatory period. 




■REEfcfcEHtES. 


1. Trueta,- Joseph, Studies of the Development and Decay of the Hu 

Frame, V£- g.. MlPjtsjfJt Usmaaay., Philadelphia ( 1 368) 
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and Bone Formation, Jjig. JfliiDlS-L Mae. Slli J.Q.i nt 

Volume 40 B, Humber 2:282 (1958) 

3. de Valdsrrama, Fernandez, and Joseph Trueta, The Effect of Mu: 

• Action on the f ntra “osseous Circulation, Jjig . Journal of 
Mtkaloay. aM MllgJimiQQY., Volume 83 , Number 1:173 (1965. 

ho Trueta, Joseph, The Dynamics of Bone Circulation, Conference. 
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Second Twelve Weeks of the Investigation 
of the First Group of Men - - Os Ca Icis 

During the second 12 -week bed rest period, Robinson and Kolb 
continued with bed rest, but with 1.4 grams of phosphate a day added as 
a dietary supplement. During this same period, Bratcher, Diaz, and Mc- 
Neil also continued with bed rest, but without the phosphate supplementa- 
tion. Tables I, II, III, IV, and V continue with the data on bone density 
of the multiple os calcis sections , with the second bed rest period which 
extended from April 21 through July 14, as has been noted. 

As is characteristic of subjects in a study of this type, past dietary 
history and other background factors lead to different responses to the 
same treatment. Robinson, for example, increased in bone density in 
every section of the os calcis which was scanned during the bed rest under 
consideration (Table I, C to E) . Kolb, on the other hand, alternated ihrougl 
out the 42 sections scanned in his os calcis between positive and negative 
changes in bone density, with an overall value of +0.58 per cent change 

'*• 1 • ..v,, 

during the 12 -week period, in contrast with Robinson's +S .63 per cent. 

Bratcher, with no phosphate supplementation during the second bed 
rest (Table III, C to E) showed 5 positive and 30 negative bone density 
changes in the 35 sections scanned across the os calcis, with an overall 
change of -1 .44 per cent.. Diaz, also with no phosphate supplementation 
during this bed rest period, showed an overall bone density change in the 
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sections across the os calcis of -21.67 p_ercent. See Table IV. McNeil, 

t 

during the same period, exhibited an overall bone density change of -4.09 
per cent in his multiple sections of the os calcis . See Thble V, 

Final Portion of the Study Involving the • 

First Group of Subjects -- Os Calcis 

After the first two bed rest periods had been completed, only three 
of .the first group of men continued with an additional 6 -week bed rest peri- 
od. These were Robinson, Kolb, and McNeil. Of these, the first two had 
no exercise or phosphate supplementation and the third (McNeil) had phos- 
phate. A short period of ambulation closed the project for T.W.U. for all 
five of these men. 

Bone Density Changes 


Table 

Subject 

Third Bed 
' Rest 

Final 

Ambulation 

I 

Robinson 

-12.80 

+3.41 

IT 

Kolb 

-1.25 

+3 ..70 • 

III 

Bratcher 

X 

+2.32 

IV 

Diaz 

X 

+26.34 

V 

McNeil 

+2.07 

X 
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Changes in First Group of Subjects -- 
Hand and Wrist 

Hand Phalanx 4/2 , First Bed Rest . Of the two men who engaged in 
horizontal bed rest without exercise, both lost in bone density in hand 
phalanx 4/2 during the first 12 weeks of the investigation. On the other 
hand, the three men who engaged in bed rest with exercise all gained in 
bone density in this finger area . The following gives more explicit find- 
ings concerning this aspect of the study. 


Table 

Subject 

Bane Density 
Change 
(per cent) 

Enga ged 
in 

Exercise? 

K ■ 

Robinson 

-3.53 

No 

X 

Kolb 

-10.78 

No 

XI 

Bratcher 

+9.00 

Yes 

XII 

Diaz 

+9.73 

Yes 

XIII 

McNeil 

+9.28 

Yes 


Ha nd Phalanx 4/2 , Second Bed Rest . The data for bone density 
changes in hand phalanx 4/2 during the second 12 -week bed rest may be 


summarized as follows: 
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Table 

Subject 

Bone Density Changes 
during Second 
12 -week Bed Rest 

Dietary Supplement 
or 

Exercise 

IX 

Robinson 

+0.17 

Phos phate 
No Exercise 

X 

Kolb 

+9.91 

Phosphate 
No Exercise 

X 
1 — ( 

T 

Bratcher 

-24.38 

Neither 

XII 

Diaz 

-20.03 

Neither 

XIII 

McNeil 

-12.86 

Neither 


Hand Phalanx 4/2 , Third Bed Rest . Of the first group of men, as 
has been noted, only Robinson, Kolb and McNeil took part in the third bed 
rest, during which neither exercise nor phosphate supplementation was re- 
quired of anyone except McNeil, who was given the extra phosphate. 

The findings from the third bed rest and the subsequent final ambu- 
latory period related to the behavior of hand phalanx 4/2 were as follows: 

Bone Density Change 


Table 
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Third 

Bed 

Rest 
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Bed Rest 

Final 

Ambulatory 
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Hand Phalanx 5/2 , First Bed Rest . During the first- 12 -week bed 
rest by the first group of participants , the bone density changes in hand 
phalanx 5/2 were the following: 


Table 

Subject 

Exercise 

Change in 
Bone Density 
(per cent) 

XVII 

Robinson . . . 


........ +5.66 

XVIII 

Kolb 


+3.32 

X3X 

Bratcher . . . 



XX' 

Die v. ...... 


“2.73 

XXI 

' McNeil .... 

„ . „ . . yes . . . . . 

. -6.33 


As in other cases with which we have worked , the second phalanx 
of the fifth finger has not been increased with the use of the Exer-Genie, 
probably because this finger is not involved with the use of this exerciser. 
The subjects appear to follow individual characteristics rather than muscle 
pull in the finger causing bone density increase. 

Hand - Phalanx 5/2 , Second Bed Rest . During the ^jepond 12-week 
bed rest, the hand phalanx 5/2 bone density changes are given below. 

The phosphate supplementation appeared to have improved the bone density 
of the hand phalanx under consideration. 



Phosphate 
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Table 


Subject 


Change in 
Bone Density 
(per cent) 


XVII 

Robinson . . . < . 

• * c y®s 

, . . +8.64 

XVIII 

Kolb ......... 

. . . yes 

, , . +6.63 

XIX 

Bratcher ...... 

. . . no .......... 

.. -10.61 

XX 

Dia z 

. . . no 

.. -9.26 

XXI 

McNeil 

. * , no 

.. -3.45 

Hand Phalanx 5/2 , Third Bed Rest. As in the case of other bones 

which were evaluated, only three men participated in the third bed rest, 

noted below. 

These were Robinson, 

Kolb, and McNeil. 


Table 

Subject 

Phosphate 

Change in 
Bone Density 
• (per cent) 

XVII 

Robinson . , . c « 


... -3.95 

( 

XVIII 

Kolb 

* # * no . k . 

. . -14.49 

XIX- 

Bratcher. . . . . . 

... X 

X 

XX 

Dia z. ........ 

. . . X 

X 

XXI 

McNeil 

. . . yes 

I . _ » 

. . +4.11 


Hand Phalanx 5/2 , Final Ambulatory Period , The performance of 
hand phalanx 5/2 during the final ambulatory periods of the men of this 
first group is given below. All of the men did not begin their final ambu- 
latory periods at the same time. Robinson began his ambulation on 8/25/69, 
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with radiographs taken by T.W.U. on 8/8/69, 9/15/69, and 10/14/69. 

The last date was his final radiograph. Kolb's pattern was exactly like that 
of Robinson. The final ambulation periods of Bratcher and Diaz began on 
July 14th and continued until August 8th. 


Table 

Subject 

Change in Bone Density 
during Last Ambulatory 
Period 
(per cent) 

XVII 

Robinson 


XVIII 

Kolb 


XIX 

Bratcher 

+4.67 

XX 

Dia z . 

+11.57 

XXI 

McNeil 



As noted, McNeil left the study unexpectedly on the day when 
his last radiograph was to be given, and his lasts short ambulatory period 
could not be completed . 
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Bone Density Changes in Bones 
of the Wrist 

The bones of the wrist which were radiographed along with the hand 
x-rays and which were evaluated for bone density included a section across 
the distal end of the radius , one across the distal end of the ulna, as well 
as a diagonal section across the capitate. The bone density changes which 
took part in these bones were evaluated along with that of other bone areas 
which have been considered. Table XXV includes the basic data for these 
bone sections . 

Bone Density Changes in the Distal Radius throughout the Study of 
the First Group of Participants , First 12 -Week Bed Rest . During the first 
bed rest, when two of the subjects did not exercise while three of them 
exercised, using the Exer-Genie, the following bone density changes took 
place in the section which was evaluated across the distal end of the radi- 
us: 


Subject 

Exercise 

Bone Density Change 
(pek cent) 

Robinson 

no 

- 4.88 

Kolb 

no 

• 78 .78 

Bratcher 

yes 

+5 . 97 

Diaz • 

yes 

+6.48 

McNeil 

yes 

+ 2.12 
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Distal Section of Radius , Second 12 -Week Bed Rest . During the 
second bed rest when phosphate supplementation was offered to some of the 
experimental subjects , some of the men gained and seme lost in bone den- 
sity, whether or not they received the extra phosphate. The data on this 
bed rest follows; 


Subject 

Phospha te 

Bone Density Change 
(per cent) 

Robinson 

yes 

+4.86 

Kolb 

■ yes 

-7.33 

Bratcher 

no 

-6.01 

Diaz 

no 

-8.74 

McNeil 

no 

+3.60 


Distal Section of Radiu s , Six -Week Bed Res t. Three of the five 
subjects of this study took part in a six-week bed rest which followed the 
second 12-week bed rest. Of the three subjects , only one received any 
phosphate supplement, with no exercise being added to any of the programs 
The treatment given to the men is shown in the following outline , together 
with the change in bone density. 
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Subject 

Phosphate 

Bone Density Change 
(per cent) 

Robinson 

no 

-2.14 

Kolb 

no 

-8 .38 

Bratcher 

X 

X 

Diaz 

X 

X 

McNeil 

yes 

+2.88 


There appeared to be a difference between the negative and positive 
changes in bone density of the distal radius whether phosphate was pro- 
vided or not, with the positive change in behalf of the one subject who re- 
ceived the phosphate. 

Dista 1 Section of Radius , Final A mb u la tory Period « The following 
data show that the bone density of the distal end of the radius tended to 
show some increase during ambulation, with the exception of one man. It 
should be noted, however, that the ambulation periods were of relatively 
short duration, since the T.W.U. group did not make trips to San Francisci 
for the purpose of participating in this study except in connection with ob- 
taining bed rest data . Securing x-rays from men who had reambulated was 
incidental. Hence the bed rest periods covered usually were not as long 
as those recorded by the laboratory at the Hospital.. 
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Subject 

Change in Bone Density 
during Last Ambulatory 
Period 
(per cent) 

Robinson 

+3.25 

Kolb 

+9.83 . 

Bratcher 

+3.27 

Diaz 

+1 .43 

McNeil 

No ambulation data 


Bone Density Changes in the Distal Ulna throughout the First Group 
. of Participants , First 12 -Week Bed Rest , As in the case of the section 
across the distal end of the radius , the corresponding section across the 
ulna lost bone density to a minor extent in the men who did not exercise and 
gained in those who did. 


Subject 

Exercise 

Bone Density Change 
(per cent) 

Robinson 

no 

-1.49. 

Kolb 

no 

-4.34 

Bratcher 

yes 

+5.79 

Diaz 

yes 

+8.07 

McNeil 

yes 

+2.00 


Distal Section of Ulna , Second 12-Week Bed Rest . As in the situ- 
ation with the distal radius , the distal ulna was not uniform with respect t< 
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the changes in bone density with the subjects with and without phosphate 
supplementation. One subject who received extra phosphate had an in- 
crease and one had a decrease in bone density, with two "decreases and one 
increase among rhe three men who were not given extra phosphate. See the 
following summary: 


Subject 

Phosphate 

Bone Density Change 
(per cent) 

Robinson 

yes 

+3.64 

Kolb 

yes 

-6.74 

Bratcher 

no . 

-6.61 

Diaz 

no 

+5.61 

McNeil 

no 

-1.82 


Distal Section of Ulna , Six -W eek Eed Rest . As with other bone 
areas evaluated during the only six -week bed rest of this series , only three 
men took part in this section of the study as shown in the summary below. 
The men who received no phosphate were negative with respect to the bone 
density change of the distal section of the ulna, while tire subject who 
received phosphate made a modest gain. This is outlined below. 
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Subject 

Phosphate 

Bone Density Change 
(per cent) 

■ Robinson 

no 

-3.61 

Kolb 

no 

-8.20 

Bratcher 

X 

. X 

Diaz 

X 

X 

McNeil 

yes 

+2.26 


Distal Section of the Ulna , Final Ambulatory Period . During the 
final ambulatory period for these subjects , all of the men except one made 
some gains in bone density during ambulation as shown below: 


Change in Bone Density 
during last Ambulatory 

Subject Period covered by 

Radiogra phs 

(per cent) 


Robinson +5.54 


Kolb 


+5.08 


Bratcher 


+3 „ 18 


Diaz 


■ +7.22 


McNeil ' 


"No ambulation data 


Bone Density Changes in the Capitate , First 12 -Week Bed Rest . 
Those who exercised during the first 12 -week bed rest of this part of the 
study gained to different degrees in bone density of the diagonal section oi 
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the capitate , while those who did not exercise experienced minor losses , 
See below . 


Subject 

Exercise 

Bone Density Change 
(per cent) 

Robinson 

no 

-1.24 

Kolb 

no 

-6.61 

Bratcher 

yes 

+5.27 

Diaz 

yes 

+8.57 

McNeil 

yes 

• +1.12 

Section of the Capitate 

, Second 12 -Week Bed Rest. During the sec 

ond 12 -week bed rest when extra phosphate was fed to the first two men 
and no phosphate to the remaining three subjects , the men were not unifori 

as to the bone density changes 

. One man receiving phosphate supplement 

tion gained and the other lost in bone density. 

Of the three who received 

no phosphate supplementation. 

one gained and 

two became lower in bone 

density. See the summary below; 


Subject Phosphate 

Bone Density Change 
(per cent) 

Robinson 

yes 

+2 .92 

Kolb 

yes 

-5.27 

Bratcher 

no 

-7.31 

Diaz 

no 

-9.67 

McNeil 

no ' 

+5 .95 
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Section of Capitate , Third Bed Rest , Six Weeks . Phosphate ap- 
peared to. have had no effect upon bone density in this short bed rest, with 
all three subjects who participated becoming lower in this respect, whether 
they received the phosphate supplement or not. 


Subject 

Phosphate 

Bone Density Change 
(per cent) 

Robinson 

no 

• -3.93 

Kolb 

no 

-6.59 

Bratcher 

X 

X 

Diaz 

X 

X 

McNeil 

yes 

-4.69 

Section of Capitate, Final Ambulatory Period. During the final am- 

bulatory period , all 

subjects except one 

gained in bone density during the 

short period covered 

. An exception was 

found in McNeil who left immedi- 

ately before he was to have given his final radiograph. 


Change in Bone Density 
Subject during last Ambulatory 

Period 

(per cent) 


Robinson 

+5.21 

Kolb 

+7.32 

Bratcher 

+2.39 

Diaz 

+8.19 

McNeil 

No ambulation data 
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SECOND GROUP OF SUBJECTS 

Changes in Bone Density 

Anew man, Robie Wilson, entered the study on May 7th, 1969, 

i 

but he was not immediately placed in a test category. On June 16th he 
began to be fed a phosphate supplement while at bed rest, with this test 
continuing until September Oth. 

Two other men entered this part of the study, and were radiographed 
for the first time by us on July 14th, 1969. These men were. Roger Gieck 
and John Graham. They were placed on the phosphate test on August 25th 
and were continued with this daily dietary supplementation while at bed 
rest until November 10th. At the conclusion of the phosphate test, each of 
these three men continued with bed rest without any dietary supplementa- 
tion, except that which was in their regular diet. 

In summary, the plans for these three subjects, and the outcomes 
of their parts of the study are shown in short summaries and in the text 
material which follows through this part of the Report. 
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Changes in Multiple Sections of the Os Calcis 
in Terms of Integrator Counts during the First 
Bed Rest for the Second Group of Subjects , 

With and Without Phosphate Supplementation 

Tables VI, VII, and VIII, which follow, give the data on multiple 
sections of. the os calcis during a 12-week bed rest during which a phos- 
phate supplement was fed to all three of the subjects under discussion,, 

Wilson received his initial radiographs for this bed rest on 6/3/69, 
with the bed rest beginning 6/16/69. His final radiograph of this period 
was on 9/15/69, with the bed rest closing on 9/8/69. 

Gieck and Graham had their first radiographs made on 7/14/69. 
Their first bed rest extended from August 25, 1969 to November 10, 1969. 
The nearest times for x-rays which were available were August 8 and No- 
vember 26 , 1969. 

Os Calcis , Initia 1 Period. It was fortunate for the study that this 
second group of men each had an initial period of time for equilibration. 
Wilson had from 5/7/69 to 6/3/69, and the other two from 7/14/69 to 
8/8/69. During this period, they showed the following changes in total 
bone density of the multiple sections of the os calcis: 
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Table 
A to B 

Subject 

Initial 

Bone Density 
Change 
(per cent) 

VI 

Wilson 

+3.71 

VII 

Gieck 

+4.04 ■ 

VIII 

Graham 

+13 .72 


The gain during this period indicates improvement in the experimental diet 
in comparison with their previous diet . 

Os Calcis , First Bed Rest for the Second Group of Participants . 
During the first bed rest in which the second group of men took part, they 
received the phosphate supplement throughout. The following summary 
shows the source of the data on this portion of the investigation, and the 
outcome in terms of per cent change in bone density during the periods 


Table 

Subject 

Phosphate 

Bone Density 
. Change 
(per cent) 

VI 

Wilson 

yes 

+5.53 

VII 

Gieck 

yes 

-1.53 

VIII 

Graham 

yes 

+8.86 


Os Calcis , Second Bed Rest for the Second Group of Participants . 
During the second bed rest for the second group of experimental subjects, 
the plan for this part of the investigation was to withhold the phosphate 
supplementation for all three men so that comparisons could be made at 
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close intervals of time. The difference in the bone density of the os calcis 
between the bed rest when the phosphate supplement was fed and that dur- 
ing which it was not provided is illustrated by the following brief summary: 


Table 

Subject 

Phosphate 

Bone Density 
Change 
(per cent) 

VI 

Wilson 

no 

-7.63 

VII 

Gieck 

no 

-S .95 

VIII 

Graham 

no 

-16.55 


Os Calcis , Final Portion of Study Involving the Second Group of 
Subjects. The portion of ambulation of the three men under discussion 


which was covered by radiographs wa 

11/26/69 to 12/17/69. 

The data are 

Table 

Subject 

VI 

Wilson 

VII 

Gieck 

VIII 

Graham 


s of very short duration— from 
ummarized briefly as follows: 

Change in Bone Density 
during the Specified Period 
of Final Ambulation 
(per cent) 

-0.99 

+18.11 

+13.50 
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Changes in Second Group of Subjects — 

Hand and Wrist 

Hand Phalanx 4/2 , Initial Period. During the first period of the in- 
vestigation when no experimental program had been undertaken by these 
three men, their hand phalanges 4/2 showed a considerable gain in bone 
density . It is not known by the authors of this report whether they exer- 
cised while standing, by the use of the Exer-Genie, or whether they exer- 
cised in any other manner. In any case, through this ambulatory period 
they gained in bone density of phalanx as follows: 


Table 

Subject 

XIV 

Wilson 

XV 

Gieck 

XVI 

Graham 


Bone Density Change 
in Multiple Sections 
of Hand Phalanx 4/2 
(per cent) 


+11.59 

+7.5S 

+13.26 


Hand Phalanx 4/2 , First Bed Rest . During the first 12 -week bed 
rest for these subjects, when phosphate supplementation was fed, hand 
phalanx 4/2 showed some increase in each of the men, as shown below: 


Table 

Subject 

Phosphate 

Bone Density Change 
(per cent) 

XIV 

Wilson 

yes 

+13.51 

XV 

Gieck 

yes 

+15.14 


XVI 


Graham 


yes 


+15.80 




48 


Hand Phalanx 4/2 , Second Bed Rest . During the second 12-week 
bed rest., when no extra phosphate was provided, the bone density change 
was in the opposite direction from that of the first bed rest when phosphate 
was fed, as was found with respect to the os calcis . The findings for this 
phalanx were the following: 


Table 

Subject 

Phosphate 

Bone Density Change 
(per cent) 

XIV 

Wilson 

no 

1 

CO 

• 

CO 

XV 

Gieck 

no 

-10,03 

XVI 

Graha m 

no 

-8.44 

Hand 

Phalanx 4/2, Final 

Portion of Study Involving the Second 


Group of Subjects . As mentioned above, the portion of the final ambulation 
period covered by radiographs was of very short duration. The bone density 
performance of the hand phalanx 4/2 was very irregular with respect to the 
three subjects, as might be expected, because the activity involving the' 
hand in which each engaged was not recorded. The bone density changes 
of hand phalanx 4/2 are shown below: 

Bone Density Change 
in Hand Phalanx 4/2 

Table Subject during Portion of Final 

Ambulatory Period 

(per cent) 


XIV 

Wilson 

+1.60 

XV 

Gieck 

+14.42 


XVI 


Graham 


+8.58 
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Multiple Sections of Hand Phalanx 5/2 
for the Second Group of Men 
in the Investigation 

The second group of men taking part in the study which is being re- 
ported had a short initial period before they were placed on a test. There 
were minor changes in some of the bone density values during this period. 
The values in the initial pre-testing period are shown below for the hand 
phalanx 5/2. 

Hand Phalanx 5/2 , Initial Amb ulatory Period . For the short interval 
of the initial period / changes in bone density were minor with the second 
group of men in the study. The following represents the bone density 
changes in phalanx 5/2, the second phalanx in the little finger: 


Bone Density Change 


Table 

Subject 

' (per cent) 

XXII 

Wilson 

-5. 57. 

XXIII 

Gieck 

+6.89 

XXIV 

Graham 

+1 . 16 


Hand Phalanx 5/2 , First 12 -Week Bed Rest . During the first 12- 
week bed rest y all three men of chis second group of subjects were given 
a phosphate supplement. In spite of the favorable bone density response 
to this treatment which was noted in certain other anatomic areas , the hand 
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phalanx 5/2 was irregular in the direction of the bone density changes in 
the three men of this group as shown below: 


Table 

Subject 

Phosphate 

Bone Density Change 
(per cent) 

XXII 

Wilson 

yes 

-1.22 

XXIII 

Gieck 

yes 

-2.95 

XXIV 

Graham 

yes 

+2.16 


Hand Pha ia nx 5/2 , Second 12 -Week Bed Res t. Again phalanx 5/2 
showed no conformity in the way in which it performed with respect to bone 
density change during the second bed rest, when no phosphate supplemen- 
tation and no exercise was included in the program. As has been empha- 
sized, this bone site differs according to numerous factors related to its 
behavior, with differences in the diet or the type of activity for which each 
subject is responsible. The bone density changes in this case have been 
the following: 


Table 

Subject 

Phosphate 

Bone Density Change 
(per cent) 

XXII 

Wilson 

no 

+1.95 

XXIII 

Gieck 

no 

+2.12 

XXIV 

Graham 

no 

-14.68 


Hand Phalanx 5/2 , Final Measured Result s during Ambulation . 
^'/hen the portion of reambulation was measured radiographically following 
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the last bed rest for this second experimental group, again there was no 
conformity among the men, either concerning direction or amount of bone 
density change in this particular bone, as shown in this brief summary: 


Table 

Subject 

Change in Bone Density 
during the last Measured 
Ambulatory Period 
(per cent) 

XXII 

Wilson 

+0.70 

XXIII 

Gieck 

+2.16 


XXIV 


Graham 


+ 10.10 
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Section of the Distal Radius 
for the Second Group 
of Men in the Investigation 

Section of Distal End of Radius , Initia 1 Ambulatory Period . For all 
the second group of experimental subjects , gains were made in the bone 
density of the distal end of the radius while they were ambulatory, before 
the first bed rest began. The following summary shows the changes in 
the three men: 


Table 

Subject 

Bone Density Change 
(per cent) 

XKVI 

Wilson 

+4 . 33 

XXVI 

Gieck 

+8.64 

XXVI 

Ora ham 

+5.13 


Section at_ Distal End of Radius , First 12 -Week Bed Rest . The one 
section which was evaluated across the distal end of the radius did not 
show consistent changes in bone density during the first 12 -week bed- 
rest of the second group of three men, as follows: 


Bene Density Change . 


Table 

Subject 

Phosphate 

(per cent) 

XXVI 

Wilson 

yes 

+3.30 

XXVI 

Gieck 

yes 

-1.97 

XXVI 

Graha m 

yes 

-9.73 
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Section of Distal End o f Radius , Second 12-Week Bed Rest . As in 
the case of Die first bed rest of this series when phosphate supplementa- 
tion was not given, the bone density of a section which was scanned 
across the second 12 -week bed rest of the series was not consistent in 
bone density changes as seen below: 


Table 

Subject 

Phosphate 

Bone Density Change 
(per cent) 

XXVf 

Wilson 

no 

1 

1 

CD 

♦ 

CO 

CO 

XXVI 

Gieck 

no 

-1.24 

XXVI 

Graham 

no 

o 

« 

<N! 

1 


Seel Ion of Distal Enc[ of Radius , Final Ambulatory Period . Ambula 
tion frequently is not conducive to increases in bone density in the distal 
end of the radius . Our studies show that exercise of a type which effect: 
ates muscular pull on the specific bone in question is the chief method 
of increasing bone density, as was shown in the work of Trueta^'^ and 
associates , See summary which follows: 


Table 

Subject 

Change in Bone Density 
During the Final Ambulatory 
Period 
(per cent) 

XXVI 

Wilson 

+7.62 

XXVI 

Gieck 

+7.07 


XXVI 


Graliarn 


+13.96 
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Section of the Distal Ulna 
for the. Second Grou p 
of Men in the Investigation 

Section of Distal End of U lna , Initia 1 Ambulatory Period , The 
brief summary which follows shows that all three’ men in this part of the 
study gained to some extent in bene density of a section in the distal end 
of the ulna during the initial period., before the three men of this part of 
the study engaged in their first bed rest. This is shown in the following 
brief summary: 


Table 

Subje'ot 


Bone Density Change 
(per cent) 

XXVI 

Wilson 


+4.50 

XXVI 

Gieck 


+10.94 

XXVI 

Grabs m 


+1.09 


Section of Distal End of Uln a , First 12 -Week Bed Rest . The data 
given below concerning the changes in bone density during this bed rest 
illustrate the fact that the lower arm makes no consistent gains or losses 
in bone density when a subject is ambulatory, unless he is exercising 


his lower arms in a consistent manner. 



61 


Bone Density Change 


Table 

Subject 

Phosphate 

(per cent) 

XXVI 

Wilson 

yes 

-3.17 

.XXVI 

Gieck 

yes 

+1.70 

XXVI 

Graham 

yes 

-10,33 


Section of Disto I End of Ulna , Seco nd 1 2 -Week Bed Rest . During 
the second 12 -week bed rest, when neither phosphate supplementation 
nor exercise were included in the bed rest program, the bone density 
changes in the distal end of the ulna showed extreme inconsistency, as 
in the case with the distal radius , See below. 


Table 

Subject 

Phosphate 

Bone Density Change 
(per cent) 

XXVI 

Wilson 

no 

-6.32 

XXVI 

Gieck 

no 

-4.15 - 

XXVI ' 

Graham 

no 

-2,29 


Section of Distal End of Ulna , Final Ambulatory Period . Undoubt - 
edly none of the three subjects of this part of the investigation used his 
arms in a consistent manner throughout the study, or bone density changes 
would have been made in a consistent manner. Even when the men were 
no longer at bed rest , the lower ulna lost small amounts of bone density 
in two men, and gained appreciably in the third. See the following sum- 


mary: 
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Change in Bone Density 


Table 

Subject 

During the Final Ambuintoiy 
Period 
(per cent) 

XXVI 

Wilson 

+9 . 03 

XXVI 

Gieck 

1-3.64 

XXVI 

Graham 

+6.25 


Changes in the Capitate for the Second 
Group of Men in the Investigation 

Throughout most of the radiographic measurements made In the 
bones of the hands and wrists of the men in this investigation, there was 
little consistency in the behavior of the bone density in the respective 
bones which were investigated. It is unfortunate that a record not 
maintained for the motions of various parts of the body during bed rest 

t 

and for the arm and hand activity, and the amount of walking during ambu 
lation . 


The bone density changes in the capitate during bed rest and am- 
bulation are summarized briefly below. This matter will be considered 
further in the discussion which follows this section of the report. 

Section of Capitate , Initial Ambulatory Period . Note: All of the 
following data come from Table XXVI. 




Subject 

Wilson 

Gieck 


Graham 
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' Bone Density Change 
(per cent) 

-0.13 • 

+8.36 

+15.56 


Phosphate 

Bone Density Change 
(per cent) 

yes 

+7.34 

yes 

-6.56 

yes 

-13.04 

Phosphate 

Bone Density Cha-uyc 
(per cent) 

no 

-8.54 

no 

-1.83 

no 

-2.41 


Change in Bone Density 
During the Final Ambulatory 
Period 
(per cent) 


+10.35 

+ 6.20 


+13.16 
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DISCUSS IO N AMD S UMMARY 

It has been noted that, because of the fact that men taking part in 
this project entered at different times , and because of the further fact 
that the TWU team radiographed all of the men who were engaged in any 
aspect of the investigation each time they went to San Francisco, the be- 
ginning and the end of different aspects cf bed rest units sometimes did 
not coincide with the first and last x-ray which is listed as marking the 
extent of certain bed rest periods „ 

SUM MA RY l_ • 

. ' Diagram I and the succeeding Diagrams show the times when the 
radiographs were taken for the designated men in reference to the Bed Rest 
Periods in which they engaged, together with their changes in bone den- 
sity. 

Changes in Bone Density of Multiple Sections 
of the Os Calcis Resul ting from Exercise 

A. Group wi th an Exercise Pr ogram during a Long Bed Rest , Only 
three men engaged in programmed exercise during a 12 -week Bed Rest. 

In this situation outlined in Summary I, all three participants experienced 
modest gains in the total sections of the os calcis , ranging from +2.10 


to +7.10 per cent. 
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B . Group which did not Exercise . When the sa me men did not ' 
perform exercise while they were recumbent in a Bed Rest of the same 
duration, they lost in bone density in percentages covering a relatively 
large range (from -1.44 to -21.67). See Summary I. 

Changes in Bone Density of Multiple Sections 
of the Os Ca lcis from Addition' of a Phosphate 
Supplement to the Diet 

C. Group Receiving a Phosphate Supplement during a Bed Rest 
Period . Five men received a phosphate supplement during a 12-week 
Bed Rest, while one received this supplement during a period of one-half 
the duration. Four of the men experienced gains in the multiple section 
of the os calcis in percentage changes in the bone under discussion 
ranging from +0.58 to +8.86. One man receiving this phosphate supple- 
ment during the longer period had a low negative bone density change of 
-1.53 per cent. 

The one man who received a phosphate supplement during the 
shorter Bed Rest- Period had a positive os calcis bone density change of 
+2. 07 per cent . 

D . Same Group as C who did not Receive a_ Phosphate Supple - 
ment. The same men as in Section C took part in this phase of the study 
with no phosphate supplement, merely continuing with the Bed Rest. The 
2-ed Rest itself was the overriding factor , with negative changes in bone 
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density throughout. The changes ranged from -4.94 to -16.55 per cent for 
"the five men on the longer Bed Rest Periods , with the one man on the shorte 
Bed Rest losing 4.09 per cent. It must be remembered that the changes in 
bone density mentioned in Diagram I and Summary I, as in the remaining 
Diagrams and Summaries , relate to what happened from the beginning to 
the close of the Bed Rest Period under consideration. 

E. Changes in Bone Density of Multiple Sections 
of the Os Calc is from Ambulation 

A few of the subjects who took part in this study ambulated a short 
time before they went into a Bed Rest; but after they had received their 
first x-ray. There were three men in this category, as well as eight who 
had short periods of ambulation after the close of their last Bed Rest , with 
at least one radiograph made after they had re -a mbulated . 

Of the three men who had had a brief initial period of ambulation, 
all made small bone density gains (from 3.71 to 13.72 per cent). 

Of the eight men who had at least a short period of final ambula- 
tion, gains in bone density of the overall multiple sections of the os cal- 
cis ranged from -0.99 to +26.34 per cent gain in comparison with the last 
radiograph made after their' final Bed Rest Experience. See Diagrams I - 
1/2, 3,4, 5, 6, 7, 8 for Bone Density Graphs . 
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S U H MARY 1 

EFFECT OF FXFRCI SE AMD PHOSPHATE PURINE BED REST M 
BONE DENSITY 0£ MULTI PLE QS CALC IS SECTIONS 



Change in 
Bone Density 
. (P_er_ __Qe Jl LL 


Bratcher (1st 12-week Bed Rest, A “ C) +2.33 

Diaz (1st 12~week Bed Rest, A " C) +2.10 

McNeil (1st 12-week Bed Rest, A - C) ............ +7-10 


B. Ha Exercise 

Bratcher (2nd 12-week Bed Rest, C “ E) 
Diaz (2nd 12-week Bed Rest, C ~ E) ... 
McNeil (2nd 12 _ week Bed Rest, C - E) . 


C. Phosphate Supplement 

Robinson (2nd 12-week Bed Rest, C ~ E) +5.63 

Kolb (2nd 12 -week Bed Rest, C “ E) +0.58 

Wilson (1st 1 2 “week Bed Rest, B ~ E) +5.53 

Gieck (1st 12-week Bed Rest, B - E) “1.53 

Graham (1st 12~week Bed Rest, B - E) +8.86 

McNeil (Only 6~week Bed Rest with 

Phosphate, E ' F) +2.07 - 


-1.44 
- 21 .67 
-4.09 
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S UMMARY 1, CONTINUED 
££EE£X SJE EXE&CJSJE. MU £UOSPHAI£. fiilBJiLG. 5EJB. R£$I M 
BONE DENSITY QL MULTI PIE OS CALC IS SECTIONS 

0 . R2. ZhfiSJiiiatS. Mmleme.n.t. 

Change in 
Bone Density 
(Per Cent! 


Robinson (1st 12 - week Bed Rest, A " C) ~5-97 

Kolb (1st 12"week Bed Rest, A - C) ~4.94 

V/i 1 son (2nd 12-week Bed Rest, E - G) “7.63 

Gieck (2nd 12-week Bed Rest, E " G) “5-95 

t 

Graham (2nd 12 -week Bed Rest, E _ G) . . “16.55 

McNeil (Same as B above) -4.09 


E. Ambulation 


V/i Ison (initial Ambulation, A “ B) +3-71 

Gieck (initial Ambulation, A - B) +4.04 

Graham (Initial Ambulation, A “ B) +13-72 

Robinson (Final Ambulation, F - H) .■ +3.41 

Kolb (Final Ambulation, F - H) :.... +3.70 

Bratcher (Final Ambulation, E " F) +2.32 

Diaz (Final Ambulation, E - F) +26.34 

McNeil (No Final Ambulation) X 

Wilson (Final Ambulation, G - H) "0.99 

Gieck (Final Ambulation, G ~ H) +18,11 

Graham (Final Ambulation, G - H) +13.50 



PER CENT CHANGE FROM LAST TEST 
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A B CD E F .. G H 


Diagram I " 1 

Changes in Bone Density of the Multiple Os Catcis Sections of 
Robinson throughout his Participation in the investigation. 
Per Cent Differences in Tables are Calculated from the Be~ 
-- ginning to the Close of a Bed Rest or other Period. 
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A 


. B 


C 


D 


E 


F G 


H 


Diagram I - 2 

Changes in Bone Density of the Multiple Os Ca lcis Sect ions of 
Kolb throughout his Participation in the Investigation. 

Per Cent Differences in Tables are Calculated from the Be' 
ginning to the Close of a Bed Rest or other Period. 






PER CENT CHA 


BED REST 


BED REST 


AMBULATORS 



2 - 1-69 


3 - 28-69 5 - 7-69 6 - 3-69 7 - 14-69 8 - 8-69 9 - 15-69 1014-69 


C D 


E F 


Diagram I “ 3 

Changes in Bone Density of the Multiple Os Calcis Sections of 
Bratcher throughout his Participation in the investigation. 
Per Cent Differences in Tables are Calculated from the Be- 
ginning to the Close of a Bed Rest or other Period. 




PEP CENT 
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Diagram I “ 4 

Changes in Bone Density of the Multiple Os Calcis Sections of 
Diaz throughout his Participation in the Investigation. 

Per Cent Differences in Tables are Calculated from the Be" 
ginning to the Close of, a Bed Rest or other Period. 
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A 


B 


C D 


E F 


Diagram i - 5 

Changes in Bone Density of the Multiple Os Calcis Sections of 
McNeil throughout his Participation in the Investigation, 
Per Cent Differences in Tables are Calculated from the Be~ 
ginning to the Close of a Bed Rest or other Period. 
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Diagram I ~ 6 

Changes in Bone Density of the Multiple Os Calcis Sections of 
V/ilson throughout his Participation in the Investigation. 
Per Cent Differences in Tables are Calculated from the Be- 
ginning to the Close of a Bed Rest or other Period* 




PER CENT CHANGE PROM LAST TEST 
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Diagram 1 ~ 7 

Changes in Bone Density of the Multiple Os Calcis Sections of 
Gieck throughout his Participation in the Investigation. 
Per Cent Differences in Tables are Calculated from the Be- 
ginning to the Close of a Bed Rest or other Period. 







PER CENT CHANGE FROM LAST TEST 
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A B 


CD E F 


G H 


Diagram I ~ 8 

Changes in Bone Density of the Multiple Os Calcis Sections of 
Graham throughout his Participation in the Investigation. 
Per Cent Differences in Tables are Calculated from the Be" 
to the Close of -a- Bed Rest or other Period. 


- ginning 
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SUMMARY II 

C hanges in Bone Density of Multiple Sections 
of Phalanx 4/2 Resulting from Exercise 

A. Group with Exercise Program duri ng a Bed Rest Period . As 

noted under Summary I, only three men took part in a 12-week Bed Rest 
who exercised while recumbent. In this Bed Restall three participants 
gained in bone density, with changes of +9,00, +9.28, and +9.73 per 
cent. It has been shown in T.W.U. Bed Rest studies that hand phalanx 
4/2 tends to be actively involved in the use of the Exer-Genie, the exer- 
ciser used in this Project, if the exercise is carried out according to the 
T.W.U, program. See Diagrams II - 1 to 8. ' ‘ ' 

B , Same Group as A who did not Exercise . When the men in 
Group A did not engage in an exercise program, all had negative changes 
in bone density in a 12 -week Bed Rest', when little or no muscular pull or 
this bone took place. The hone density changes, all negative, ranged 
from -12.86 to -24.38 percent. 

Changes in Bone Density of Multiple Sections 
of Pha lanx 4/2 Resulting from Addition 
of a_ Phosph ate Supplement to the Diet 

“ C • Group Receiving a_ P hosphate Supplement during a_ Bed Rest 
Period . Summary I has given the names of the four men who took part in 



79 


the longer Bed Rest when a phosphate supplement was included in the 
diet. One of the men gained less than one per cent in the multiple sec- 
tions of hand phalanx 4/2 , while others gained from +9.91 to +15.80 
per cent . 

The one man who received phosphate in the shorter Bed Rest lost 
less than one per cent during this period. 

D . Same Group as C who did not Receive a_ Phospha te Supple - 
ment . The same men continued with another 12 -week Bed Rest, with no 
phosphate supplement and no exercise. All subjects experienced further 
decreases in bone density in hand phalanx 4/2, with values ranging from 
- 3 . 5 3 to - 1 0 . 7 8 per cent . 

E . Changes in Multiple Sections of Hand Pha lanx 4/2 

from Ambulation 

As mentioned in the previous Summary, three men engaged in a 
short period of ambulation before they took -part in the investigation proper. 
These men increased somewhat in bone density of the second phalanx in 
the fourth finger (from +7.56 to +13.26 per cent). The seven men who re- 
ambulated with a final radiograph after their period of ambulation gained 
in bone density in this bone in percentages ranging from +1.60 per cent 
to +24.34 per cent. Unfortunately the exercise in the fingers during this 


period was not recorded 
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One man, who left on the date when he was booked to take a final 
x-ray, made it impossible to compute the change he had made in his final 
ambulation . 

SJU jl fcULR-Y. J L 

' - EFFECT &E EXERCISF. AND PHOSPHATE DURING J3£P_ REST ft!i 

am pen, sin qf mjLxmx simo^s. p£ m i ALtx. hiz. 


A. Exe.rc.j_sg. 

Change in 
Bone Dens i ty 

-Xftej„Qanhl— 


Bratcher (1st 12-week Bed Rest, A - C) ......... +9.00 

Diaz (1st 12-week Bed Rest, A “ C) +3.73 

McNeil (1st 12-week Bed Rest, A " C) ....... +3.28 

B. fj< 2 . Exercise 

Bratcher (2nd 12-week Bed Rest, C " E) -24.38 

Diaz (2nd 12-week Bed Rest, C - E) “20.03 

McNeil (2nd 12-week Bed Rest, C “ E) ”12.86 

c. Pho a p hafts. jLuppJ.gm.g.n.t- 

_ Robinson (2nd 12-week Bed Rest, C - E) +0.17 

Kolb (2nd 12-week Bed Rest, C “ E) +9.91 

Wilson (1st 12-week Bed Rest, B “ E) +13.51 

Gieck (1st 12"week Bed Rest, B “ E) +15.14 

Graham (1st 12 week Bed Rest, B - E) +15.80 

McNeil (Only 6-week Bed Rest with 

Phosphate, E - F) “0,12 



S 11 M MARY J L, CONTINUED 

£F£££X OE e^e.rxllse. m. £HQSmi£ fiUBUiS. £££ Mil M 

m&. mil of. MU-LEU sEiuLQiis at mimi kix 
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0. Hq. Phosphates, 


Change in 
Bone Density 
L Per Cent ),. 


Robinson (1st 12-week Bed Rest, A - C) ~3.53 

Kolb (1st 12-v/eek Bed Rest, A ~ C) . “10,78 

Wilson (2nd 12-week Bed Rest, E-G) . ... “8.34 

Gieck (2nd 12-week Bed Rest, E - G) -10.03 

Graham (2nd 12-week Bed Rest, E - G) -8.44 

McNeil (Same as B above) . . . ”12.86 


Wilson (initial Ambulation, A " B) +11.59 

Gieck (initial Ambulation, A ~ B) +7.56 

Graham (initial Ambulation, A “ B) +13.26- 

Robinson (Final Ambulation, F _ H) +4,57 

Kolb (Final Ambulation, F “ H) -+5. 71 

Bratcher (Final Ambulation, E ~ F) +18.43 

Diaz. (Final Ambulation, E * F) ...'. +24.34 

McNeil (No Final Ambulation) ' X 

Wilson (Final Ambulation, G ~ H) +1.60 > 

Gieck (Final Ambulation, G ~ H) +14.42 

Graham (Final Ambulation, G ” H) + 8.58 
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SUMMARY III 

Changes in Bone Density of Multiple Sections 
of Phalanx 5/2 Resulting from Exercise 

A . Group with Exercise Program during a_ Bed Rest Period . As wit 
other parts of the anatomy, only three men exercised during a 12 -week 
Bed Rest Period, as shown in Summary I. It has been seen in T.W.U. 
Exercise Programs conducted during Bed Rest Periods, that hand phalanx 
4/2 usually changes in bone density favorably, whereas this favorable 
response does not always appear universally in phalanx 5/2. Trials with 
the exerciser have shown that the second phalanx in the small finger is 
not involved in the exercise activity to the extent that is true of phalanx 
4/2, and hence the muscle pull on the two bones is not similar. This is 
shown in the outcome of this trial, in which two men had negative (-2.73 
and -6.33 per cent) and one had a positive change (+5 .92 per cent) in 
bone density of this bone . 

B . Same Group as those who Exercised in Group A, did not Exer - 
cise in Group B. Whereas they had mixed bone density results during 
the exercise period, they had uniform negative results ranging from -3.4 
to -10.61 per cent when not exercising. 
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Changes in Bone Density of Multiple Sections 
of Phalanx 5/2 Resulting from the Addition 
. of a Phosphate Supplement to the Diet 

C. Group Receiving a Phosphate Supplement during a Bed Rest 
Period . It is shown in Summary III that five men received the phosphate 
supplement during a 12-week Bed Rest, with one subject receiving it 
during the shorter Bed Rest. Of the five receiving this supplement during' 
the longer Bed Rest Period, four gained in bone density (+8.64, +6.63, 
+2.16, and +1 .22 per cent), whereas the one on the shorter Bed Rest 
gained +4.11 per cent. 

D. Same Group as those who Received a Phosphate Supplement 
in Group C , did not get a_ Phosphate Supplement in Group D . With no 
phosphate supplement during this 12-week Bed Rest, four of the men ex- 
perienced positive bone density changes ranging from +1.95 to +5.66 per 
cent in phalanx 5/2 . One of these men had a change in the opposite 
direction (-14.68) . 

The one man on the shorter Bed Rest made a bone density change 
of -3.45 per cent during this period with no phosphate supplement. 
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E . Changes in Multiple Sections of Hand Phalanx 5/2 

during Ambulation 

According to Summary III, 10 men had participated in ambulation, 
three initially before the Bed Rest Periods began, and seven finally, 
when the T.W.U, team was able to take an initial and final radiograph. 
Most of the ambulation periods were short because, as has been stated, 
we did not travel to the Hospital in San Francisco except when subjects 
participating in Bed Rest projects were to be radiographed, never solely 
for subjects who were ambulating. 

Of the three men who underwent brief preliminary periods before 
they were placed in a Bed Rest, one changed +1 ,16 per cent in hand 
phalanx, one changed +6.89 per cent, and the third changed -5.57 per 
cent before they began participation in a bed rest. 

Of the seven subjects who rs -ambulated to a certain extent after 
their final bed rest, all gained in bone density by values which ranged 
from +0.70 to +14.25 per cent. See Diagrams II- 1, 2, 3, 4, 5; 6, 7, 


8 . 
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^-JLiL&JLX J i L 

££££££ HE ^XgRCI MU PjdJQS 2U&IL miEJiia HEEL BEST SSL 

sm. smnx ql mluple. seellqiss. oe peaime so. 


A. Ejt£££is& 

Change in 
Bone Density 
_lPai^_£gJlLL. 


Bratcher (1st 12-week Bed Rest, A “ C) , +5.92 

Diaz (1st 12-week Bed Rest, A “ C) “2.73 

McNeil (1st 12-week Bed Rest, A “ C) “6.33 

Bratcher (2nd 12-week Bed Rest, C - E) .......... “10.61 

Dia 2 (2nd 12~week Bed Rest, C - E) “9.26 

McNeil (2nd 12~week Bed Rest, C “ E) “3.4$ 

C. Phosphate SuppI ement 

Robinson (2nd 12-week Bed Rest, C “ E) .......... +8. 6k 

Kolb (2nd 12-week Bed Rest, C " E) +6.63 

Wilson (1st 12-week Bed Rest. B - E) +1.22. 

Gleck (1st 12-week Bed Rest, B “ E),.., "2.95 

Graham (1st 12"week Bed Rest, B “ E) +2.16 

McNeil (Only 6 _ week Bed Rest v/ith 

Phosphate. E “ F) +4.11 



S-U-JOLA-B-I J — LI, CONTINUED 


EFFECT 0£ EXERCISE &MD PHOSPHATE PJJRIiTC BED REST OH. . 

JSME. D ENSITY . QL MULTIPLE £E£LLQHS. Q£ PHALANX 512, 

D. Ha P hosphate .Supplement. 

Change in 
Bone Dens i ty 
fPer Cent 1 ) 


Robinson (1st 12-week Bed Rest, A “ C) +5.66 

Kolb (1st 12-week Bed Rest, A “ C) +3.32 

Wilson (2nd 12-week Bed Rest, E " G) +1.95 

Gieck (2nd 12~week Bed Rest, E - G) . . +2.12 

Graham (2nd 12-week Bed Rest, E “ G) -14.68 

McNeil (Same as B above) . “3.45 


£. Arobulat i on 

Wilson (initial Ambulation, A “ B) .. —5 - 57 

Gieck (initial Ambulation, A “ B) +6.89 

Graham (Initial Ambulation, A - B) . +1.16 

Robinson (Final Ambulation, F - H) +14.25 

Kolb (Final Ambulation, F - H) +6.50 

Bratcher (Final Ambulation, E - F) +4.67 

Diaz (Final Ambulation, E - F) +11.57 

McNeil (No Final Ambulation ) X 

Wilson (Final Ambulation, G - H) +0.70 

Gieck (Final Ambulation, G " H) +2.16 

Graham (Final Ambulation, G - H) +10.10 



PER CENT CHANGE FROM LAST TEST 
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A 



C D 


E F 


G 


H 


Diagram 1 1 ~ 1 

Changes in Bone Density of the Multiple Hand Phalanges 4“2 and 
5~2 Sections of Robinson. As in the Case of the Os Calcis 
Sections, Per Cent Differences in Tables are Calculated from 
the Beginning to the Close of a Bed Rest or other Period. 






PER CENT CHANGE FROM LAST TEST 
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A 


. ,B 
! 


C D 


E 


F 


G H 


Diagram [ 1 - 2 

Changes in Bone Density of the Multiple Hand Phalanges 4-2 and 
5-2 Sections of Kolb. As in the Case of the Os Calcis Sec- 
tions, Per Cent Differences in Tables are Calculated from 
the Beginning to the Close of a Bed Rest or other Period. 
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B CD 


E 


F 


Diagram 1 1 - 3 

Changes in Bone Density of the Multiple Hand Phalanges 4~2 and 
5 - 2 Sections of Bratcher. As in the Case of the Os Calcis 
Sections, Per Cent Differences in Tables are Calculated from 

•f 

the Beginning to the Close of a Bed Rest or other Period. 



90 


*35 

2 *30 

H * 25 
[ — 

t n * 20 

5 + 15 

i * f0 

Q: 4 5 

u_ 

ALFREDO DIAZ 
Multiple Sections 
-Of Phalanges 4-2 ond 5-2 

• 

■ 

Ld 0 



/ / 

O _ c, 



/ / 

z 5 



AAs* 

< - 10 


— _ > 

</ 

X 




o ■ is 

' 



S- - 20 

- 

• 


z 




ui - 25 

BEDREST 

BED REST WITH 

AMBULATORY 

o 

WITH EXERCISE 

NO EXERCISE * 


ct " 80 




£ * 35 




2-1-69 3-28-69 

5-7-69 6-3-69 7-14-69 8-8-69 . 9-15*69 1014-69 


A B C D E F 


0 iagram 11-4 

Changes in Bone Density of the Multiple Hand Phalanges 4~2 and 
5'2 Sections of Diaz. As in the Case of the Os Calcis Sec“ 
tlons. Per Cent Differences in Tables are Calculated from 
_ the Beginning to the Close of a Bed Rest or other Period. 







PER CENT CHANCE FROM LAST TEST 
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Diagram i i “ 5 

Changes in Bone Density of the Multiple Hand Phalanges k'2 and 
5-2 Sections of McNeil. As in the Case of the Os Calcis 
Sections, Per Cent Differences in Tables are Calculated from 
the Beginning to the Close of a Bed Rest or other Period, 
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AB C D E F GH 


, Diagram II “ 6 

Changes in Bone Density of the Multiple Hand Phalanges k~2 and 
5-2 Sections of Wilson. As in the Case of the Os Calcis 
Sections, Per Cent Differences in Tables are Calculated from 
the Beg inning "to the Close of a Bed Rest or other Period. 





93 



Diagram I 1 “ 7 

Changes in Bone Density of the Multiple Hand Phalanges 4-2 and 
5“2 Sections of Gieck. As in the Case of the Os Calcis 
Sections, Per Cent Differences in Tables are Calculated from 
the Beginning to the Close of a Bed Rest or other Period. 
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Diagram ! I - 8 

Changes in Bone Density of the Multiple Hand Phalanges k~2 and 
5"2 Sections of Graham. As in the Case of the Os Calcis 
Sections, Per Cent Differences In Tables are Calculated from 
the Beginning to the Close of a Bed Rest or other Period. 
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' SUMMARY IV- 

Changes in Bone Density of a Section 
at the Distal End of the Radius Resulting 
from Exercise and a Dietary Supplement 

A. Group following an Exercise Program during a Long Bed Rest . 
The three men who exercised during a 12 -week Bed Rest Period all made 
positive changes in a section across the distal end of the radius, as fol- 
lows: +2.12; +5.97; +6.48 percent. 

B. Same Subjects as in Group A, who did not Engage in Exercise . 
The same men who had taken part in the exercise program of Group A 
changed to no exercise in a Bed Rest of the same duration. Two of the 
men lost in bone density, as would be expected (-6.01 and -8.74 per 
cent), while one made a slight gain (+3 .60 per cent) in a section across 
the distal end of the radius . 

C. Group receiving a Phosphate Supplement during Bed Rest . 

Five men took part in a 12 -week Bed Rest during which a phosphate sup- 
plement was supplied in the daily diet. 

One man received the phosphate supplement during the shorter 


.Bed Rest 
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The men consuming the extra phosphate in the longer Bed Rest 
varied in the direction of the bone density change, with two increasing 
in bone density (+3,30,. and +4.36 per cent), and three decreasing (-1.97, 
-7.33, and -9.73 per cent). The man on the shorter Bed Rest made a 
minor bone density gain (+2.88 per cent). 

D . Sa me Men as in Grou p C , who did not receive the Phosphate 
Supplement . The same men as in. Group C who did not receive phosphate 
supplementation were uniform ir. changing in bone density of the distal 
radius in the negative direction. The extent of the changes were the fol- 
lowing: -1.24; -2.07; -4.88; -6.32; and -8 .78 per cent , respectively . 

The one subject in the shorter Bed Rest made a minor gain in bone 
density during the "no Phosphate" period of +3.60 per cent. 

B . Changes in Section in the Distal Radius during Ambulation . 
Summary IV shows that 10 subjects received adequate radiographs to have 
sections of the distal radius computed with reference to possible bone 
density changes in the distal ends of the radius . 

All 10 men except one who left the study before the final x-ray 
was taken made positive changes in bone density in percentages ranging 
from +1 ,43. to +13.96 per cent . 
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5— U— M„ii fl._R 1 J_J£ 

EEEJLCX Q£ EXERCISE mb flJQSPHATF.. MkliiG BEJO. ££SX M 
fiQME P-EJiim JBJ.SJAL BMlili 

A. Exerci se 

Change In 
Bone Dens I ty 
£ Per Cent) _ 

Bratcher (1st 12~week Bed Rest, A " C) +5.97 

Diaz (1st 12-week Bed Rest, A " C) +6.48 

McNeil (1st 12“week Bed Rest, A - C) +2.12 

B. N& Exercise. 

Bratcher (2nd 12 - week Bed Rest, C ~ E) -6.01 

Diaz (2nd 12~week Bed Rest, C “ E) “8.74 

McNeil (2nd 12“week Bed Rest, C ” E) +3.60 

C. Phosphate Suopl ement 

Robinson (2nd 1 2 -week Bed Rest, C “ E) +4.86 

Kolb (2nd 12-week Bed Rest, C “ E) ~7- 33 

V/ilson (1st 12 _ week Bed Rest, B ~ E) +3.30 

Gieck (1st 12-week Bed Rest, B - E) -1.97 

.Graham (1st 12-week Bed Rest, B - E) “9.73 

McNeil (Only 6~week Bed Rest with 

Phosphate, E - F) +2.88 
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SUM JiLA. R Y . I_X CONTINUED 
EFFECT. OF EXERCISE AND. PHQSPj-J/lIE DUR1M IEJ2. JBESI JQR 
BONE mmH OE P.LSTAl MEJJJLE 

D. M Phosphate- Supplement 

Change in 
Bone Density 
—lEer.. ..CentL- 


Robinson (1st 1 2 -week Bed Rest, A - C) “4.88 

Kolb (1st 12~week Bed Rest, A " C) “8.78 

Wilson (2nd 12-week Bed Rest, E ~ G) “6.32 

Gieck (2nd 12“week Bed Rest, E “ G) .1h 

Graham (2nd 12~week Bed Rest, E “ G) "2.07 

McNeil (Same as B above) +3.80 


E. Ambu_1.a_tJ.oa 


Wilson (initial Ambulation, A " B) +4.33 

Gieck (initial Ambulation, A “ B) +8.64 

Graham (Initial Ambulation, A ~ B) +5.13 

Robinson (Final Ambulation,- F " H) +3.25 

Kolb (Final Ambulation, F " H) +9.83 

Bratcher, (Final Ambulation, E - F) +3-27 

Diaz, (Final Ambulation, E " F) +1.43 

McNeil (No Final Ambulation) _ X 

Wilson (Final Ambulation, G " H) +7.82 

Gieck (Final Ambulation, G " H) +7.07 

Graham (Final Ambulation, G “ H) +13*98 
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S U M M A RY V 

Changes in Bone Density of a_ Section 
of the Distal End of the Ulna , Resulting 
from Exercise and a_ Dietary Supplement . 

A. Group following an Exercise Program during a Long Bed Rest , 
The three men who exercised during the 12 -week Bed Rest during which 
exercise was taken while they were recumbent all gained in bone density 
during the Period, as was the case with the distal radius , The changes 
in bone density were: +2.00; +5.79; and +8.07 per cent, respectively. 

B. Same Subjects as in Group A, who did not engage in Exercise . 
Two of the men made negative changes in bone density in a section of 
the distal ulna when the exercise was changed to no exercise , -1 .82 
and -6.61, respectively. One man gained in bone density in this ana- 
tomic site during this no-exercise period (+5.61 per cent). 

C . Group receiving a_ Phosphate Supple ment during Bed Rest . As 
in other cases , in which various bones were evaluated, five men took 
part in a 12 -week Bed Rest during which a phosphate supplement was pro- 
vided . 

One man received the phosphate supplement during the shorter 
Bed Rest. The bone evaluated for skeletal density changes in Summary V 


was a section in the distal ulna 
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In the case of the five men on the longer Bed Rest, three experi- 
enced reductions in bone density ranging from -3.17 to -10.33 percent. 
Two increased in this factor by minor amounts , +2 .26 and +3.64 per- 
centages . 


D „ Same Men as in Group C , who r eceived no Phosphate Supple - 
ment . The same participants who were in the previous group, but who re- 
ceived no phosphate supplementations , universally experienced reductions 
in bone density in amounts ranging from -1 .49 to -6.32 per cent. 

E . Changes in a_ Section of the Disial Ulna during Ambulation . 
Three men who had a brief initial period of ambulation before their first 
Bed Rest Period began increased in bone density of the distal ulna by 
values of +1.09, +4.50, and +10.94 percent. 

The seven subjects v^ho had a final ambulation period which was 
evaluated radiographically increased to different amounts ranging from 


+3 . 18 to +9 . 03 per cent . 




101 

SUMMARY ]L 

EFFECT 0£ EXERCISE AND PHOSPHATE DURING BED REST O.ti 
BJMiL fi.EjjSJ.il fi£ PiilAL ULM. 


A. jxfiXCjss. 

Change in 
BonO Density 
(Per Cent) 

Bratcher (1st 12~week Bed Rest, A - C) '**5 - 79 

Diaz (1st 12"week Bed Rest, A * C) +8.07. 

McNeil (1st 12“week Bed Rest, A “ C) +2.00 

B. M Exercise, 

Bratcher (2nd 12“week Bed Rest, C - E) "6.61 

Diaz (2nd 12 -week Bed Rest, C " E) +5.81 

McNeil (2nd 12 _ week Bed Rest, C ~ E) "1.82 

C. Phosphate. Supplement 

Robinson (2nd 12-week Bed Rest, C " E) +3.64 

Kolb (2nd 12”week Bed Rest, C " E) "6.74 

Wilson (1st 12"week Bed Rest, B " E) *3.17 

Gieck (1st 12~week Bed Rest, B “ E) +1.70 

Graham (1st 12"week Bed Rest, B " E) ”10.33 

McNeil (Only 6~week Bed Rest with 

Phosphate, E “ F) +2.26 



SUMMARY 1, CONTINUED 
EFFECT EXERCISE MU PHOSPHATE DURING £££. RE£L M 


BON£ DENSITY. fi£ DISTAL, ULNA 

D. Nfi. Phosphate Supplement 

Change In 
Bone Density 

' (Per Cent") 

Robinson (1st 12~week Bed Rest, A " C) . "1.49 

Kolb (1st 12~week Bed Rest, A “ C) "4.34 

Wilson (2nd 1 2-week Bed Rest, E " G) . "6.32 

Gieck (2nd 12~week Bed Rest, E “ G) "4.15 

Graham (2nd 12-week Bed Rest, E ~ G) "2.29 

McNeil (Same as B above) "1.82 

E . Ambulation 

Wilson (Initial Ambulation, A “ B) +4.50 

Gieck (initial Ambulation, A " B) +10.34 

Graham (initial Ambulation, A " B) +1.03 

Robinson (Final Ambulation, F “ H) +5.54 

Kolb (Final Ambulation, F " H) +5.08 

Bratcher (Final Ambulation, E " F) +3.18 

Diaz (Final Ambulation, E " F) +7-22 

McNeil (No Final Ambulation) X 

Wilson (Final Ambulation, G " H) +9.03 

Gieck (Final Ambulation, G " H) +3.64 

* » 

Graham (Final Ambulation, G " H) +6.25 
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SUMMARY VI 

Changes in Bone Density of a Section 
across the Capitate Resulting from 

« 

Exercise and a Dietary Supplement 

A . Group following an Exercise Program during a_ Long Bed Rest . 
The only three subjects who exercised during a long Bed Rest gained by 
relatively small amounts in the diagonal section across the capitate. 

The changes in the bone density of this bone for the three men were 
+1.12, +5.27, and 8.57 per cent, respectively.- 

B. Same Subjects as in Group A who did not engage m Exercise 
in this Bed Rest . Two of the men in this non -exercise group experienced * 
negative bone density changes, -7.31 and -9.67 per cent, respectively. 
One man, who must have been flexing his wrist unduly, gained in bone 
density (+5.95 per cent). 

C. Phosphate Supplement Provided . The phosphate supplement 
provided for this group during this Bed Rest was received by five men 
during a 12 -week and by one in a shorter Bed Rest. Of the five men, 'two 
made positive (+2.92 and +7.34 per cent), while three made negative 
changes in bone density (-5.27, -6.56, and -13.04 percent). 
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The one man in the shorter Bed Rest while receiving the phosphate 
supplement changed in bone density to the extent of -4.69 per cent. 

D . Same Men as in. Group C , who did not receive the Phosphate 
Supplement . The same five men as in Group C who did not receive the 
phosphate supplement made negative changes in bone density in the sec- 
tion of the capitate which was evaluated in all cases , with values ranging 
from -1 .24 to -8 .54 per cent. The one man who took part in the shorter 
Bed Rest made a gain in bone density of the capitate section of +5 .95 per 
cent when no extra phosphate was provided. 

E. Changes in Section of the Capitate during Ambulation . Sum- 
mary VI shows that three subjects had brief initial ambulatory periods , 
with changes in bone density of a section of the capitate made by these 
men of -0.19, +8.36, and +15.56, respectively. Seven men had brief 
final ambulatory tests computed, while one left the study before taking a 
final x-ray on the day when he was leaving the investigation. Of the par- 
ticipants who had calculations made on their final ambulation periods for 
which radiographs were available for computations , all bone density 
changes were positive, with the seven men having changes in bone den- 
sity ranging from +2.39 to +13.16 per cent. 
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S_jjJlJU_JL-X X_L 

EFFEC T &£ EXERCISE AND PHOSPHATE DURING BED REST 
BONE DENSITY _QF CAPITATE 


A. Exercise 

Change in 
Bone Density 
_iP-er„C.egtl._ 

Bratcher (1st 12-week Bed Rest, A ~ C) +5.27 

Diaz (1st 12-week Bed Rest, A “ C) +8.57 

McNeil (1st 12-week Bed Rest, A “ C) +1.12 

B. NjQ. Exercise 

Bratcher (2nd 12 - week Bed Rest, C - E) "7.31 

Diaz (2nd 12-week Bed Rest, C " E) "9.67 

McNeil (2nd 12"week Bed Rest, C " E) +5.95 

C. Phosphate Supplement 

Robinson (2nd 12-week Bed Rest, C " E) +2.92 

Kolb (2nd 12-week Bed Rest, C - E) "5.27 

Wilson (1st 12-week Bed Rest, B ~ E) +7.34 

Gieck (1st 12-week Bed Rest, B ~ E).. - 6.56 

Graham (1st 12"week Bed Rest, B - E) -13.04 

McNeil (Only 6 "week Bed Rest with 

Phosphate, E ~ F) -^.69 
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SUMMARY V l , CONTINUED 
EFFECT QF E XERCISE. AND PHOSPHATE. fijJBJJiS. &EH J1E.SX M 
BONE DENSITY 0£ CAPITATE 


D. .Nq, Phospha te Supplement 

Change in 
Bone Dens i ty 
(Per Cent) 

Robinson (1st 12-week Bed Rest, A * C) ~1.24' 

Kolb (1st 12“week Bed Rest, A “ C) “6.6l 

Wilson (2nd 12“week Bed Rest, E “ G) “8.54" 

Gieck (2nd 12“week Bed Rest, E “ G) “1.83 

Graham (2nd 12~week Bed Rest, E “ G) ~2.4l 

McNeil (Same as B above) +5,95. 

E . Ambul at 1 op 

Wilson (Initial Ambulation, A ” B) “0.19 

Gieck (Initial Ambulation, A ~ B) +8.36 

Graham (Initial Ambulation, A - B) +15.56 

Robinson (Final Ambulation, F “ H) +5.21 

Kolb (Final Ambulation, F “ H) +7.32 

Bratcher (Final Ambulation, E “ F) +2.39 

Diaz (Final Ambulation, E ~ F) +8.19 

McNeil (No Final Ambulation) X 

Wilson (Final Ambulation, G “ H) +10.35 

Gieck (Final Ambulation, G “ H) '..... +6.20 

Graham (Final Ambulation, G - H) +13.16 
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OVERALL CHANGE IN BONE DENSITY 
OF SPECIFIED BONES DURING THE 
ENTIRE INVESTIGATION 

It is of interest to find the overall change in bone density of majo 
bones which were included in the radiographs which were made during thi 
study. With x-rays made only of the foot {in lateral aspect) and of the 
hand in posterioanterior projection, as were taken of the astronauts, the 
the number of bones is limited. The sections included in the study are 
those which are outlined in the Appendix of this Report. Summary VII 
brings all the bones of each man which were evaluated radio logic ally to- 
gether, and the 16 parts of Diagram III, which follow the Summary, show 
some details of three of the skeletal areas graphically. 

Robinson. This subject spent 255 days from the time when his 
first until the time when his last radiographs were made. Summary VII 
shows that multiple sections of the os calcis , the distal ulna, and the 
capitate had lost bone density during the investigation. 

Diagram III, 1A shows the progress of the overall multiple section 
of the os calcis during the various portions of the study. Throughout this 
entire period, the only time when the bone density of the os calcis reach* 
its initial status was at the time when the last radiograph was taken at th 
close of the Bed Rest Period when the phosphate supplement had been fed 
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At the close of the study, the os calcis was 10.44 per cent below its 
initial status . 

Diagram III - IB shows the progress of the bone density levels of 
hand phalanges 4/2 and 5/2. Phalanx 4/2 rarely came above the level of 
the initial bone density, and fell below during the phosphate supplement 
period. Phalanx 5/2, on the other hand, was above the initial bone level 
much of the time, with the final level 25.97 per cent above its initial 
level. 


Kolb. Kolb entered the study under' consideration at the same time 
as that of Robinson, and remained for the same period of time. Diagram 
III - 2A shows that the bone density of the overall sections of the os cal- 
cis remained below the bone density of the initial level throughout the’ 

t 

study. The final bone density of this bone was only 2.10 per cent below 
its initial level. From Diagram III - 2B, it is seen that phalanx 4/2 fell 
below the initial bone density level of this bone for Kolb throughout the 
first two 12-week Bed Rest Periods, then fell below this level for a short 
time and then rose until it was virtually level with the initial bone density 
of this skeletal site . 

Hand phalanx 5/2 was higher than its initial bone density through 
the first two bed rest periods . Then it fell through the third period, 'and 
then rose to its initial status at the close of the study. 
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Sur r.:c£. 
found in Kolb i 
and the capita 


ry '/n shews that distinctly negative bone aa ity levels ar 
'- n *8 s& — across the distal radius , tneiis'fcal ulna 
le at the dose of the Investigation. 


Bratcher . Bratcher remained in the study for 188 c- : ~. He chang 
in bone density level or tne multiple sections of the os r ra — - only slight 
throughout the study. This v/as only 3.2 0 per cent a boveurs initial bone 
density level of this bor.e at the time of the last radiograph 5ae Diagrar 
III - 3A. 

Diagram III - 3B illustrates the feet that both the pmfenges 4/2 
and 5/2 rose during the first long Bed Rest Period (Bed Rem h Exercise 
fell during the second long Bed Rest (Bed Rest without Exe;r_=e) / and wen 
beginning to increase during a very short ambulatory period. Summary VII 
verifies the finding that the final bone density level of the rs calcis is 
3.20 per cent higher than the initial , and that hand phalanges 4/2 and 
5/2 are slightly lower iri bone density finally than initially. 


The distal radius and the distal ulna were slightly higher at the 
close than at the beginning of the investigation. 


Diaz . This man remained in the study for 188 days while radio- 
graphs were being made, foi the same period of time as Bratcher. His 
bone density level of the os calcis remained relatively close to its initial 
level, except at the close of the second Bed Rest Period (Bed Rest with 
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no Exercise and no dietary supplement), when it lost markedly. At the 
time of the last x-ray, after a short ambulation period, it was close to its 
initial status (+1 . 04 per cent). See Diagram III, 4A and Summary VII. 

In Summary VII, and Diagram III - 4B , it is seen that phalanges 
4/2 and 5/2 performed in somewhat the same manner as Bratcher, respond- 
ing to the exercise and no exercise as expected, and with slight increases 
during the short, final ambulation period. Summary VII shows that the 
distal radius lost slightly and the distal ulna gained markedly in compari- 
son with the initial status of these bones. The capitate also made some 
positive change (+6.10 per cent). This subject was in the study 188 days 
from the first until the final x-rays . 

McNeil . McNeil hovered slightly above the initial bone density 
level for the multiple sections of the os calcis throughout his participatioi 
in the study undergoing consideration at this time. He experienced nc ' 
final ambulatory period because of leaving the study before it was antici- 
pated , so that he did not receive his last radiograph. At the time of his 
last x-ray test, in the midst of his short Bed Rest during which he was 
receiving a phosphate supplement, his os calcis bone density status was 
4.85 per cent above his first test. See Summary VII and Diagram III - 5A. 

Diagram III - 5B shows a somewhat different response to the ex- 
ercise experience in phalanx 4/2 and phalanx 5/2 than was found with the 



other men, probably because he had lost his left arm and was given a dif 
ferent form of exercise than the others on the same program. 

At the close of the study, this man had gained slightly in the sec 
tion at the distal end of the radius (+8.84 per cent), at the distal ulna 
(+2.40 per cent), and in the capitate (+2.10 per cent). The values in the 
wrist and arm relate to his right arm, because of the loss of the left arm 
which is the one usually radiographed. 

. Wilson . Wilson had been a participant in the study from the first 
to the last radiograph for 224 days. In the multiple os calcis sections, 
his bone density had increased during the long Bed Rest when a phosphatr 
dietary supplement was provided. It decreased during the next Bed Rest 
when no phosphate was fed, and ended at virtually the same bone density 
as initially. See Diagram III - 6A and Summary VII. 

Diagram III - 6B shows that, for this subject, phalanx 4/2 rose 
over its initial bone density throughout the study, and closed 11.76 per 
cent higher than initially. On the other hand, phalanx 5/2 was slightly 
below the initial bone density for this level throughout most of the period 
with a value of -4.23 per cent ar the time of the final radiograph. See 
Summary VII and Diagram III - 6B. 

From the cited Summary, the bones of the wrist and distal arm in- 
creased in bone density with the final values higher than the initial. 



Gieck. This subject was in the study 246 days between' first and 
last radiographs , In the total of the multiple sections of the os calcis , 
this subject was slightly higher in bone density throughout the two Bed 
Rest Periods with and without phosphate supplementation. He increased 
in bone density of the os calcis during his short final ambulation period, 
with his last radiograph 13.80 per cent higher in bone density than his 
first radiograph of the study. See Diagram III - 7A. 

In Diagram III - 7B, phalanges 4/2 and 5/2 increased to points 
higher than their initial bone density status early in the investigation anc 
remained above their initial levels throughout. Phalanx 4/2 made a last 
increase during the final ambulation period, with a final level 27.48 per 
cent above the initial level. Phalanx 5/2 was. 8. 84 per cent above the 
first bone density level. The distal radius and ulna sections as well as 
the section of the capitate in the subject were all higher in the final than 
in the first radiograph. See Summary VII. 

Graham . This subject was in the investigation 246 days between 
the initial and final x-rays . He gained 17 ,26 per cent in bone density be 
tween the first and last radiograph of the os calcis . See Diagram III - 8 1 
and Summary VII. The Diagram shows that Graham increased in the bone 
density of the os calcis beginning with his first ambulation period, and 
through the long Bed Rest when a phosphate supplement was fed. Then tf 
bone density fell during the Bed Rest Period, when the phosphate 
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supplementation, was not provided, and increased again during the re- 
ambulation period. 

Diagram III - 8B shows the bone density changes in the phalanx 
4/2 to increase markedly after the first x-ray, and to remain distinctly 
higher than the initial level throughout the investigation. Phalanx 5/2, 
on the other hand, hovered close to the initial level until the Bed Rest 
Period during which the phosphate supplement was not fed. Then this wa 
reduced, with a slight rise during the final ambulation. At the time when 
the final radiograph was taken, bone density of phalanx 5/2 was 2 .92 pei 
cent below its initial level. 

At the time of the final x-ray, Graham’s distal radius had a value 
which was 5,91 per cent above, the distal ulna was 5.90 per cent below, 
and the diagonal section across the capitate was 10.97 per cent higher 
than the initial value of the same bone sections . See Summary VII. 
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S U M MA RY VII 

BONE DENSITY CHANGE DURING THE INVESTIGATION 
OF SPECIFIED BONES FOR RESPECTIVE SUBJECTS 


ROBINSON 

Bone Density Change 


Skeletal Location of Bone from Initial to Final 

which was Evaluated Radiograph 

' (per cent) 

Multiple Sections of Os Calcis .......... -10.44 

Hand Phalanx 4/2 . +1.77 

Eland Phalanx 5/2 .......... 1 ..... . +25.97 

Distal Radius ........ +0.78 

Distal Ulna -9.50 

Capitate -13.17 


KOLB 

Skeletal Location of Bone 
which was Evaluated 

Multiple Sections of Os Calcis 

Hand Phalanx 4/2 

Hand Phalanx 5/2 ....... 

Distal Radius 

Distal Ulna 


Bone Density Change 
from Initial to Final 
Radiograph- 
(per cent) 

. . - 2.10 

. . . - 0.01 

. . +0.34 

. . -14.27 

. . -13.95 


Capitate 


-11.31 



SUMMARY VII , CONTINUED 


11 


BONE DENSITY CHANGE DURING THE INVESTIGATION' 


OF SPECIFIED BONES FOR RESPECTIVE SUBJECTS 


BRATCHER 


Skeletal Location of Bone 
which was Evaluated 


Bone Density Change 
from Initial to Final 
Radiograph 

(per cent) 


Multiple Sections of Os Calcis 


+3.20 


Hand Phalanx 4/2 -2.39 

Hand Phalanx 5/2 -0.14 


Distal Radius +2,86 

Distal Ulna +1.94 

Capitate -0.09 


DIAZ 

Bone Density Change 


Skeletal Location of Bone from Initial to Final 

which was Evaluated • Radiograph 

(per cent) 

Multiple Sections of Os Calcis +1.04 

Hand Phalanx 4/2 +9.11 

Hand Phalanx 5/2 -1.52 


Distal Radius -1.44 

Distal Ulna i' . - +22.37 •• 


Capitate 


+ 6.10 



SUMMARY VII, CONTINUED 




BONE DENSITY CHANGE DURING THE INVESTIGATION 
OF SPECIFIED BONES FOR RESPECTIVE SUBJECTS 


McNEIL 

Bone Density Change 


Skeletal Location of Bone from Initial to Pinal 

which was Evaluated Radiograph 

' ; (per cent) 

Multiple Sections of Os Calcis +4.85 

Hand Phalanx 4/2 . -4.88 


Hand Phalanx 5/2 -5.84 

Distal Radius +8.84 

Distal Ulna ..... +2.40 


Ca pitate 


+ 2.10 


WILSON 


Skeletal Location of Bone 
which was Evaluated 


Bone Density Change 
from Initial to Final 
Radiograph 
(per cent) 


Multiple Sections of Os Calcis +0.10 

Hand Phalanx 4/2 +11.76 

’ Hand Phalanx 5/2 . . -4.23 

Distal Radius '. +8.66 

Distal Ulna _ +3.35 

Capitate +8.13 
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SUMMARY VII, CONTINUED 


BONE DENSITY CHANGE DURING THE INVESTIGATION 
OF SPECIFIED BONES FOR RESPECTIVE SUBJECTS 


GIECK 


Skeletal Location of Bone 
which was Evaluated 


Bone Density Change 
from Initial to Final 
Radiograph 
(per cent) 


Multiple Sections of Os Calais +13.80 

Hand Phalanx 4/2 . +27.48 

Hand Phalanx 5/2 +8.84 

Distal Radius ................... +12.62 

Distal Ulna +14.44 

Capitate ..................... +5 .56 


GRAHAM 


Skeletal Location of Bone 
which was Evaluated 


Bone Density Change 
from Initial to Final 
Radiograph 
(per cent) 


Multiple Sections of Os Calcis +17.26 


Hand Phalanx 4/2 .+30,41 

Hand Phalanx 5/2 -2.92 

Distal Radius . +5.91 

Distal Ulna . -5.90 


Capitate 


+10.97 



PER CENT CHANGE PROM INITIAL TEST 
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B CD’ E F 


G H 


■ Diagram 1 1 ! “ 1A 

Change of Each ?-:d i o graph of the Total Multiple Sections of 
the Os Calc is of Robinson Computed in Each Case from the 
Initial Radiograph. 






PER CENT CHANGE FROM INITIAL TEST 
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Diagram 1 ! t - IB 

Change of Each Radiograph for Phalanges 4-2 and 5“2, 
Computed from the initial Value for Robinson. 
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Diagram ill ~ 2A 

Change of Each Radiograph of tre Total Multiple Sections of 
the Os Calcis of Kolb Computed in Each Case from the 


Initial Radiograph 










PER CE> 
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Diagram 111 " 3A 

Change in Each Radiograph of the Total Multiple Sections of 
the Os Calc is of Bratcher Computed in Each Case from the 


Initial Radiograph. 
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A 


8 C 


D 


E 


F 


0 lag ram ill ~ 4A 

Change of Each Radiograph of the Total Multiple Sections of 
the Os Calcis of Diaz Computed in Each Case from the 
Initial Radiograph. 




PER CENT CHANGE FROM INITIAL TEST 


ALFREDO DIAZ 
Multiple Sections Of 
Phalanges 4-2ond5-2 


BED REST 

BED REST 

AMBULATORY 

^ V/ITH EXERCISE 

>’ 

NO EXERCISE 

i Li 

i i — — l— 


3-28-69 5-7-69 6-3-69 7-14-69 8-8-69 9-15-69 10-1469 


D iagram III - 4B 

Change of Each Radiograph for Phalanges 4“2 and 5“2 
Computed from the Initial Value for Diaz. 













D iagram III “ 5B 

Change of Each Radiograph for Phalanges 4"2 and 5-2, 
Computed from the Initial Value for McNeil . 






PER CENT CHANGE FROM INITIAL"! 


ui +35 - 

i— 

+ 30- 
+ 2 5' 
+ 20 ' 
+ 15 
+ I O' 
+ 5' 


ROBIE WILSON 
Multiple Sections 
Of Os CqIcis 


BED REST WITH 

BED REST . 

phosphate supplement 

J 1 

NO PHOSPHATE SUPPLEMENT 
__J 1 


AV3UL AT ORr 


5-7-69 6-3 69 7-14-69 &B-69 9-15-69 10-14-69 M-26-69 12-17-69 


D i agram I i I - 6 a 
C hange of Each Radiograph of the Total Multiple Sections of 
the Os Calcis of V/ilson Computed in Each Case from the 
Initial Radiograph. 







FROM INITIAL TEST 







PER CENT CHANGE FROM 


L3C 



Diagram i I I * Ik 

Change of Each Radiograph of the Total Multiple Sections of 
the Os Calcis of Gieck Computed in Each Case from the 
initial Radiograph. 




PER CENT CHANGE FROM IN1TI 



0 


D i agram 111 " 7B 
Change of Each Radiograph for Phalanges 4-2 and 5“2 
Computed from the Initial Value for Gieck. 





PC R CENT CH 


L32 


JOHN GRAHAM 
MuHiple Sections 
Of Os Caicis 



INITIAL 

PERIOD 


BED REST WITH I BED REST I 

PHOSPHATE SUPPLEMENT! NO PHOSPK AT E SUPPL EM ENT I 


AMBULATORY 


7 - 14-59 8 - 8-69 


9 - 15-69 10 - 14-69 


11 - 26-69 12 - 17-69 


2 - 9-70 


D i agram 111 “ 8A 
Change of Each Radiograph of the Total Multiple Sections of 
the Os Caicis of Graham Computed in Each Case from the 


Initial Radiograph, 
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TWU BONE DENSITY METHOD 

To describe the Texas Woman's University bone density methodol- 
ogy, the history of the method has been described in the Journal of the 
Association for the Advancement of Medical In stru mentation , in Volume 3 , 
page 110, May, 1969 on Automated Techniques in Bone Densitometry. A 
reprint of this article is available from this office on request. 

From the beginning of the development of workable bone densito- 
metric equipment, a wedge which served as a calibration standard was 
placed on the same film as that on which a bone was x-rayed. After a 
trial of various materials , an aluminum alloy wedge was developed with a 
continuous slope, which had x-ray transmission characteristics similar to 
that of bone . 

The purpose of the calibration wedge has not been to match the 
density of any portion thereof with a section of bone, as was done with 
many of the early step wedges, but to find the deviation of the initial den- 
sitometer wedge scan from the configuration of a trace which would corre- 
spond to its actual slope, thus serving to give a basis for correcting a bor 
trace on the same film. It never was assumed that the raw bone trace 
could be used directly without correction because of unavoidable differ- 
ences, although usually not large, in x-ray film, in exposure energy, and 
in developmental techniques. 
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The units which come off of the bone densitometric assembly are in 
the form of Integrator Counts . The Integrator Counts can be converted 
into units of calibration wedge mass equivalency , 


After the integrator count has been obtained for the calibrated bone 
scan, this is converted into equivalent x-ray mass of calcium hydroxy- 
apatite 3 Cag (PO^)2 * Ca (OH)2 from these calculations: 


Equivalent wedge mass 


S. L.V.H.C 

K 


(cm.^)D 


.Where S = Slope of wedge; 

L = Baseline length of wedge traced; 

V = Velocity of scan (cm. /min.}; 

H = Vertical dimension of the scanning 
slit (cm.); 

K = Counts obtained for one minute of 

full scale integration (counts /min .); 

C ~ Integrator counts ; and 

D = the density of the aluminum alloy 
calibration wedge . 


The equivalent x-ray mass of calcium hydroxyapatite, with the 
formula shown above, which represents the calcium complex used for 
calibration of the wedges of this laboratory, can be obtained as follows 


for the sections of bone traced on the same film. 
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Equivalent x-ray Mass of Apatite = :&_» x 1.075 

K 

Where 1 .075 = Ratio of wedge density to calcium 
hydroxyapatite density 

Hie term 5,000 is based upon the fact that a full scale integration 
carried out for one minute results in an integrator count of 5,000 (Kin the 
above formula). 

In arriving at the determination of the ratio of wedge density to 
calcium hydroxyapatite density, our group made an intimate mixture of 
Ca 3 (PC> 4}2 and Ca(OH )2 in the exact proportion of these components in 
calcium hydroxyapatite, placed this in a thin-walled plastic container 
which was calibrated separately, and x-rayed this and the aluminum 
alloy wedge together. The ratio of the two was calculated from their re- 
spective masses and from the results of multiple scans traced across thei 
radiographic images. 

The microdensitometric assembly has been evaluated on two bases, 
as follows: (a) by finding the capacity of the equipment to integrate bone 
areas accurately from roentgenograms exposed through a series of inten- 
sity values; and (b) by ascertaining the interrelationship of the mass of 
cadaver bones by analytical and by radiographic procedures . 
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Some automation was built into a bone densitometric assembly 
using funds provided by Mr, and Mrs , H. J. Lutcher Stark of Orange , Texa: 
The equipment consisted of a special analogue computer which possessed 
an electromechanical servomechanism and an integrating unit. The major 
units of this instrumentation, which was used in evaluating the radiographs 
in the TWU laboratories for several years before it was supported by the 
addition of a digital computer are shown in Figure 1. The equipment con- 
sists of five major subassemblies , all designed to operate together as a 
completely integrated system. The basic, units of the overall assembly 
were the following: 

1) ' A modified Knorr -Albers scanning unit (unit at right of the 

figure); 

2 ) A Speedomax Model G transmitting recorder (unit in center of 
the figure); 

3) A series of 20 potentiometers in the same panel as 2); 

4) A Speedomax Model G recording potentiometer (unit at left of 
the figure), and 

5) An Integrator (unit in the panel under Unit d), 

. To obtain a satisfactory calibration for a trace of a bone section 
from an x-ray film, the fundamental step in the analogue system is provided 

i 

in the use of the calibration wedge on the same film as the bone image, as 
noted. The initial record obtained on the first recorder from'scanning the 
wedge by means of the densitometer without correction provides the basis 
»cr calibrating the wedge curve for the film. The slope of this uncorrected 
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Figure 1. Densitometer Assembly VI developed at the Texas 
Woman's University. Right: densitometer; center (upper): 
transmitting recorder for tracing calibration wedge; center 
(lower); potentiometers for correcting calibration wedge 
trace; left; recording potentiometer with Instron integrator 


in lower part of panel 
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curve is influenced by many factors inherent in the film itself, the film ex- 
posure, and the film processing technique. 

The sequence of operations needed to achieve calibration of a den- 
sity curve and to integrate the area under the curve of a bone on the same 
radiograph follows: 

1) The wedge roentgenographic image first is scanned for the pur- 
pose of providing the density calibration curve of that film on the first re- 
corder. The scanning unit consists of an optical system, a plate stage, a 
drive mechanism for the plate stage, and a d-c amplifier for the recorder. 
The optical system includes a special tungsten lamp with plane optically 
polished windows, powered from a highly stabilized power pack having a 
constancy of output with 0,1% for a-c line voltages between 100 and 125 v 
at frequencies between 55 and 65 cycles » The beam from this lamp is fo- 
cused on a photocell after passing through the x-ray plate being scanned. 
The film is mounted on the place stage that is supported by ball-bearing 
rollers on a carriage rod, all accurately machined to very close tolerance. 

A scale, mounted on the scanning unit and calibrated to millimeters 
subdivided by a vernier, indicates plate travel, and enables the operator 
to scan a number of precisely equal segments of the film trace. This seals 
also permits the operator to retrace exactly the same length of film on re- 
peated scans, and serves as the guide for integrating the equal trace seg- 


ments 
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The plate travel is synchronized with recording chart travel' to in- 
sure that quantitative measurements of density can be produced and repro- 
duced accurately. A precision d-c amplifier with stabilized zero and sta- 
bilized gain multiplies the minute current from the photocell to a value 
measurable by a self-balancing potentiometer recorder. 

2) The first recorder consists of a Speedomax Type G self-balanc- 
ing functioning recorder having adjustable zero, adjustable span, and a ful 
scale balancing speed of less than one second. This recorder indicates 
continuously the magnitude of the amplified photocell current and traces a 
graph on its chart in synchrony with the scanning unit plate travel. 

A major feature of the complete assembly consists of a special d-c 
retransmitting slidewire mourted in this Speedomax Self-Balancing Po- 
tentiometer Recorder, with a moving contact on, this slidewire driven in 
synchrony with the recording pen in an indicating pointer. This retransmit 
ting slidewire is divided very precisely into 2 0 equal segments, each seg- 
ment being shunted by an adjustable ten-turn potentiometer. An adjustable 
d-c voltage is impressed across the total slidewire, and the output of the 
slidewire is characterized by adjusting the 20 potentiometer dials to provic 
a calibrated output from this slidewire from the trace of the reference wedg 

3) The uncorrected wedge trace on the first recorder is scaled by 

i * 

the operator at 2 0 equal intervals , using a special transparent rule 
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calibrated to provide direct setability of a calibration factor on the 1000 
division dials of the 2 0 potentiometers. 

Since the scale of the first recorder is determined by the per cent 
of transmitted light, and the calibrating retransmitting slidewire corrects 
the scale of the second recorder to standard wedge density, producing a 
straight line trace of the calibration wedge in conformity with the wedge 
slope, the x-ray absorption as indicated by its densitometer trace on the 
second recorder is related directly to the x-ray absorption of the standard 
wedge „ 


The second recorder receives , displays , and records the signal 
from the special calibrating retransmitting slidewire which serves as a 
function transformer, providing a line graph of the reference wedge and a 
calibrated density trace of the bone sample. Its graph also is synchronize 
with the automatic scanning. 

r 

♦ • 

Finally, a retransmitting potentiometer is driven from the output 
shaft of this second recorder and actuates an Instron electronic integrator 
■which is located in the base of this unit. The integrator provides a digital 
readout proportional to the area under the calibrated densitometer trace of 
the bone section which has been scanned on the second recorder. 

The TWTJ bone densitometric system has received further automatio: 

by the addition of a small digital computer to the analogue system. See 
Figure 2. 
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The light transmission data from the film, in the form of a voltage 
functional with per cent light transmission, are measured with the same 
modified Knorr -Albers micro photometer as described above, except for the 
fact that the vacuum tube d-c amplifier originally used in the unit has beer 
replaced with a solid-state amplifier and power supply to provide additions 
stability. The film is held in the motor-driven assembly that traverses a 
light beam as described previously. In the previous analogue system, 
analogue computer techniques employing adjustable function potentiometer 
were utilized to calibrate the light -transmission in terms of wedge-thick- 
ness for each film. Calibrated data from subsequent bone scans then were 
integrated by means of the electromechanical (Instron) integrator, as de- 
scribed, These systems required that several step-by-step adjustments 
and calibrations be performed by an operator. 

In the new assembly, the output of the scanning unit is connected 
through an. amplifier (Astrodata Model 885) to a small digital computer (a 
Digital Equipment Computation PDP-8 supplied by Kaman Company). An 
illustration of the system is shown in Figure 3. An analogue -to -digital 
(A/D) converter formats the data for direct processing by the computer, 
and the computer samples the data at specific intervals of time. Program- 
nving and operating control is effected through a teletypewriter unit (TTY) 
that includes a pa per -type input/output (I/O) feature. 
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! WOT REPRODUCIBLE 




Figure 2 . Photograph showing the micro photometer and digital 
computer system, (A) Densitometer involving the analog 
system developed at the Texas Woman's University. (B) 
Transmitting recorder for tracing calibration wedge (upper), 
and potentiometers for correcting calibration wedge trace. 
(C) Recording potentiometer for scanning corrected wedge 
trace as well as rhe traces of bone scans . (D) Digital 
computer which has replaced the manual operations involved 
in B and C of the analog system. 
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Limit 

Switches 


. Figure 3. Block Diagram of Microphotometer Computer 
Assembly, from Vogt , F. B., Meharg, L, S., and 
Mack, P. B., The Am er ican Journal of Roentgenology , 
Radium Therapy and Nuclear Medicine, Volume CV, 


Number 4, April 1S59, page 872. 
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The computer has been implemented to perform computations similar 
to the functions performed by the previous analogue system. First, the 
wedge image is scanned and the resulting light transmission data are storec 
in terms of distance along (or thickness of) the wedge. Second, the bone 
image is scanned and the resulting light transmission data are stored. 

After both the wedge and bone scans have been completed, the computer 
calibrates the stored bone scan data in terms of equivalent wedge thicknes: 
by using the stored wedge scan data . The calibrated bone data then are in 
tegrated along the scan by using a trapezodial approximation integration 
formula . 

The present system offers an advantage over the earlier system in 
providing an. automatic means for calibrating the film in terms of the light 
transmission of the aluminum wedge , the roentgenogram of which is taken 
simultaneously with the roentgenogram of the bone of interest. Earlier 
systems required manual operations by the operator to analyze the film. 

In the new system, manual operations required of the operator have been 
reduced to those involving the scan of the film. The accuracy and repro- 
ducibility of the technique are limited primarily upon operator care in set- 
ting up the film for scanning, selection of the scan path, and precise ad- 
justment of the scan limits to activate the start and stop of computation bi 
the digital computer. 
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The previous system has been evaluated in considerable detail. 

The present technique also has been evaluated to show the reproducibility 
of successive scans. The results have been compared with the output of 

i 

the analogue system with the finding that the analogue and digital systems 
provide essentially ihe same results . The digital technique , however, 
offers a more rapid procedure for analyzing the films , and it reduces the 
technical error that can be introduced by the operator in measuring the 
heights of the uncorrected initial wedge trace at 20 points and adjusting 
the corresponding potentiometers . 

X-RAYS OF BED REST SUBJECTS 

Radiographs were made of the left foot in lateral aspect, and of the 
left hand in anterior-posterior view as in the case of the astronauts . The 
sections scanned on the x-rays were the following: 

(a}. Two preliminary scans on the foot, one of the central 
section of the os calcis and one of the central section 
of the talus , See Figure 4 . 

(b) Multiple sections of the os calcis, consisting of scans 
the width of the scanning beam, covering approximately 
60 per cent of the os calcis or large heel bone, in parts 
where there is no overlapping of other bones were scanned. 
Usually 41-44 scans are required to cover this area of 
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the heel bone in a mature man, depending on the 
size of the foot . See Figure 5 

(c). The following sections of the hand and wrist are 
scanned (See Figure 6). 

(1) Hand phalanx 4/2 (about 17 to 19 sections 
are scanned); 

(2) Hand phalanx 5/2 (about 24 to 28 sections 
are scanned); 

(3) One scan across the capitate, a wrist carpal; 
and 

(4) One scan each across the distal ends of 
the radius and of the ulna. 

Therefore, from 87 to 96 sections in the hand and foot are meas- 
ured for bone density in an adult male, giving results for the various types 
of bone from lacy trabecular to dense cortical skeletal tissue. 
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** UlQml roem ^ogmm of the foot, indicating 
conventional " scanning path of the centra 1 
and of the talus. 
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figure 




5. Roentgenogram of the hoot in ldteral pro ^ 
showing the alignment of parallel scans co 


approximately 60 per cent of the os 


mot reproducible 





Figure 6, Roentgenogram of the hand in postero- 

anterior projection, indicating parallel scans 
which cover hand phalanges 4/2 and 5/2, 



